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Class 
XI 

with exclusive and brain storming MCQs 
Practicing these MCQs help to  strengthen your concepts and give you extra edge in your NEET preparation 

1 .  

2. 

3. 

A pan with a set of weights is attached with a light 
spring. When disturbed, the mass-spring system 
oscillates with a time period of 0.6 s. When some 
additional weights are added then time period 
is 0.7 s. The extension caused by the additional 
weights is approximately given by 
(a) 1.38 em (b) 3.5 em (c) 1.75 em ( d) 2.45 em 

Two metal spheres are falling through a liquid of 
density 2 x 103 kg m -3 with same uniform speed. 
The material density of sphere 1 and sphere 2 are 
8 x 103 kg m -3 and 1 1  x 103 kg m -3 respectively. 
The ratio of their radii is 

(a) .!..!_ 8 
(b) 

11 
8 

3 
(c) -2 (d) 

A planet moves in an elliptical orbit around the 
sun. The eccentricity of the orbit is e. The ratio 
of maximum velocity to minimum velocity of the 
planet is 

(a) 
1 + e 
1-e  (b) 

1 -e 
1+ e  (c) 

e 
1-e  (d) 1 + e  

e 

5. 

6. 

7. 

1 F =a+ bt + +A sin (wt + <j>) 
c+xd 

The dimensional formula for A d  is 
(a) [M0 L0T-1) (b) [M0L-1 T0] 
(c) [M-1 L0 T0] (d) [M1 L-1 T1] 

A stone is dropped from a height h. It hits the 
ground with a certain momentum p. If the same 
stone is dropped from a height 100 % more than the 
previous height, the momentum when it hits the 
ground will change by 
(a) 68% (b) 41 % (c) 200 % (d) 100 % 
A bullet of mass 10 g leaves a rifle at an initial 

velocity of 1000 m s-1 and strikes a target at the 
same level with a velocity of 500 m s-1. The work 
done in joule to overcome the resistance of air will 
be 
(a) 5000 (b) 3750 (c) 500 (d) 375 
If pressure at half the depth of a lake is equal to 
2/3 of the pressure at the bottom of the lake then, 
what is the depth of the lake? 
(a) 1 0 m  (b) 20 m (c) 60 m (d) 30 m 

4. In the following equation, x, t and F represent 8. Three metal rods of the same material and identical 
displacement, time and force respectively. 

0 PHYSICS FOR YOU I OCTOBER '19 

in all respects are joined as shown in the figure. 
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9. 

The temperatures at the ends 
are maintained as indicated. X Assuming no loss of heat oo c------4( 
from the curved surfaces of 
the rods, the temperature at 
the junction X would be 
(a) 45°C (b) 60°C (c) 30°C 
1 mole of an ideal gas in p 
a cylindrical container 
have the PV diagram 
as shown in figure. 
If V 2 = 4 V1, then the 
ratio of temperatures 
T1/T2 will be 

._____._ __ .....___ .. v 

(a) � (b) � 2 4 
3 

(c) -
2 

(d) � 4 
10. Two particles A and B are projected with same speed 

so that the ratio of their maximum heights reached 
is 3 : 1 .  If the speed of A is doubled without altering 
other parameters, the ratio of the horizontal ranges 
obtained by A and B is 
(a) 1 : 1 (b) 2: 1 (c) 4: l (d) 3: 2 

1 1 .  A particle executes simple harmonic motion with 
a time period of 16 s. At time t = 2 s, the particle 
crosses the mean position while at t = 4 s, its velocity 
is 4 m s -1. The amplitude of motion in metre is 

(a) �n (b) 16�n 
(c) 24�n (d) 32�/n 

12. Two sources A and B are sending notes of 
frequency 680 Hz. A listener moves from A to B 
with a constant velocity u. If the speed of sound in 
air is 340 m s -l, what must be the value of u so that 
he hears 10 beats per second? 
(a) 2.0 m s-1 (b) 2.5 m s-

1 

(c) 3.0 m s-1 
(d) 3.5 m s-

1 

13. Two roads cross at right angles at 0. A person 
A walking along one of the road at 3 m s -1 sees 
another person B walking at 4 m s -1 along the other 
road, when he is lO m off from 0. They are nearest 
to each other when A has walked a distance 
(a) 1.8 m (b) 2 m  (c) 3.0 m (d) 3.6 m 

14. The bob of a simple pendulum of length 1.2 m has 
a velocity of 7 m s -l when it is at the lowest point. 
The bob would leave the circular path above the 
centre at a height 

(a) 1.0 m 
(c) 0.652 m 

(b) 0.867 m 
(d) 0.512 m 

G) PHYSICS FOR YOU I OCTOBER '19 

15. Cp and Cv are specific heats at constant pressure 
and constant volume respectively. It is observed 
that Cp - Cv = a for hydrogen gas and Cp- Cv = b 
for nitrogen gas. So the relation between a and b is 

l 
(a) a = 28b (b) a=-b 

14 
(c) a= b (d) a= 14b 

SOLUTIONS 

1 .  (b): 2n !!:!:. =0.6 
k 

I 

. . .  ( i) 

m+m 2n = 0.7 
k 

. . .  (ii) 

Dividing (ii) by (i), we get (: )' -m: m' 

m+m1 49 ---
m 36 

m + m1 49 m1 13 1 13m 
or -l=--1::::>-=-::::>m =--

m 36 m 36 36 
k 4n2 

Also, from (i), we get -= 2 m (0.6) 
D . d . m1g 13 mg 

es1re extensiOn = = -x � k 36 k 
13 0.36 = -x lO x 

2 !::::: 3.5 em. 
36 4n  

2. (d): The terminal velocity of the spherical body of 
radius R and density p falling through a liquid of 
density cr is given by 

2 R2(p-cr)g Vy =-
9 11 

where YJ is the coefficient of viscosity of the liquid. . _ 2Rf(p1 -cr)g 
d 

_ 2Ri(p2 -cr)g .. vy - -an vy  -1 911 2 911 
According to the given problem, vy = vy  1 2 

2 
2 2 R1 P2 -cr :. R1 (p1 -cr) = R2 (p2 - cr) or 2 = .:...-=--_ 

R2 P1-cr 
Substituting the given values, we get 

Rf (llx103 -2x103) 9 3 - - =-=-
Ri (8x103 - 2 x 103) 6 2 

R1 3 -= -
R2 2 

3. (a): Let m be the mass of the planet revolving 
around the sun. 



Reach the peak o 
readiness for JEE Main 2020 

PliYS1CS • CHEMISTRy 

f400 

Highlighb 
• Fully Solved Authentic Papers 
• 16 Onlme Papers 
• 1875 MCQs for Pract•ce 
· Chapterw•se Tabular and Graphical 

Analys•s Showing the We1ghtage of Chapters 
• Vital Statistics of NiA Conducted JEE Main 18-112019 
• S MTPs as per the latt'St JEE Ma1n pattern 

Pra�ticc On nne Tests to Predict Your Rank 

MTG NTA JEE Main 2020 
The Walt 1s Over! MTG Presents you all the 8 Fully 
Solved Question Papers each of JEE Main (I) 
Janu41ry 2019 & JEE Main Ul) April 2019 
conducted by NTA w1th Chapterwise graph1cal 

anal�is showing the weightage of chJpteiS and 

Mock lest Papers � per latest pattern of JEE 

Main Get the max•mum benefit from tht- book 

through per�onahsed course on Pedagogy app. 

The best preparation for tomorrow is domg your 
best today so. go and get your copy 

Make It Happen, 
CRACK JEE Main 

Get the complete feel of Online exam 
by anemptmg tests on computers 

· Take the Fmal Leap Towards JEE Moin Succe-ss' 

Available at all lead1ng book �hop� throughout the country. To buy online v1sit www mtg.in. 

For more information or for help in placing your order, call 0124-6601200 or email: info,P1mtg.in 

PHYSICS FOR YOU I OCTOBER ' 19 



Ymax 
According to the law of conservation of angular 
momentum 

• 
• • 

Vmax rmax 

vmin rmin 
r - r . 

For an ellipse, e = max mm 

'max+ rmin 

r - r . 2r :. 1 + e = 1 + max mm = max 

r max + r mit1 rmax + r min 

r. - r.. 2r. 
and 1-e = 1 - max mm = min 

. 1-e 'min 
• • 

1+e 'max 

rmax +rmin rmax +rmin 

v 1+e 
From eqns. (i) and (ii), we get max = --

vmin 1-e 

... (i) 

... (ii) 

4. (b) : Given : F = a + bt + 1 
+ A sin ( wt + <1>) 

c+xd 
In a correct dimensional equation, every term has 
the same dimensions. 
In the term A sin ( wt + <1> ), sin ( wt + <1>) has no 
dimension. 
:. The dimensions of A are that of F. 
:. [A ]= [F] = [M1 L1 T-2 ] 

S. '1 1 . 1 
unt ar y m , c 

c+xd 
dimensions as that of _!_. 

1 F 
:. -=F 

c 

and xd have the same 

:. [c]=[xd]=[_!_]= 1 =[M-1 L-1 T 2 ] 
F [M1 Ll T-2] 

:. [ d] = � = [
M-1 

L-1 T2 ] = [M-1 L-2 T2] X [r!) 
:. The dimensional formula for A d  is 

[A d]= [M1 L1 T-2) x [M-1 L-2 r] = [M0 
L-1 T0] 

5. (b): When a stone is dropped from a height h, it hits 

the ground with velocity v1 = J2ih 
:. Momentum p1 = mv 1 = m.J2ih ... (i) 
When the same stone is dropped from a height 2h 
(100 % more than the previous height), it hits the 

ground with velocity v 2 = �2g · 2h 

PHYSICS FOR YOU I OCTOBER '19 

:. Momentum p2 = mv 2 = m�2· (2gh ) = J2p1 
(Using (i)) 

Percentage change in momentum 

= P2 - PI x100% = J2p1 -p1 x 100% 
P1 PI 

=(J2 -1)x100% = (1.41 -1 )  x 100% = 41% 
6. (b): Work done by a force 

= Change in kinetic energy of the body 
dW= KE2- KE1 

1 2 1 2 1 2 2 = - mv2 -- mv1 =-m(v 2 -v 1) 
2 2 2 

In this case, m = 10 g = 10 x 10-3 kg= 10-2 kg 
and v1 = 1000 m s-1 and v2 = 500 m s-1 

1 
:. dW =- x 10-2 [(500)2 - ( 1000)2 ] 2 

= .!_ X 10-2 (25 X 104-100 X 104) 
2 

=-.!.x10-2 x75x104 =-3750J 
2 

The work done by the bulle t is negative and hence 
the work done on the bullet by the air resistance is 
positive. Therefore, W = 3750 J. 

h 7. (b): Pressure at half the depth = P0 + pg 
2 

Pressure at the bottom = P0 + hpg 
According to the given condition 

h 2 P0 + - pg = -( P0 + hpg) 
2 3 

3h 
=> 3P0 +-pg = 2P0 + 2hpg 

2 

=> h= 2P0 = 2xl.01x 105 
=20m. 

pg 103x10 
8. (b): LetT be the temperature at the junction. 

Let L and A be the length and area of cross-section 
of each rod respectively. 
:. Heat current from Y to X is 

H _ KA (90°C -T) 
1- L 

Heat current from Z to X is 

H _ KA(9 0°C -T) 
2 -

L 
Heat current from X to W is 

H _ KA(T - 0°C ) 
3- L 

w 
0°C 

X 
T 



At the junction X, 
H1 + H2 = H3 :. 90°C- T + 90°C- T = T 

or 3T = 180°C or T = 60°C 
9. (a) : Ideal gas equation, PV = nRT 

or T = PV 
. . . (i) 

nR 
According to the question, PV 112 = constant (A)  
Multiplying both side by JV 
or PV = AJV . . . (ii) 

From eqns. (i) and (ii) 

T =AJV 
=> TocJV 

nR 

Now I!_= .5_ [·: V2 = 4\)] 
T2 v2 
T1 1 

=> -=-
T2 2 

10. (c) : Let 81 and 8 2 be the angles of projection of 
the two particles A and B and u be their velocity of 
projection. As per question, 

H1 u2 sin2 81 I 2g sin2 81 3 _.:;...= = =-
H2 u2 sin2 82 I 2g sin2 82 1 

sin 81 r:: 0 sin 60° or =v3 = tan60 =--

sin82 sin30° 

:. 81 = 60° and 8 2 = 30° 
When speed of A is doubled i.e., 2u, then 

R1 (2u) 2 sin281 I g 4sin(2 x 60°) -= = =4 
R2 u2 sin 282 1 g sin(2 x 30°) 

:. R1 : R2 = 4 : 1 
11. (d): At t = 2 s, the particle crosses mean position. 

At t = 4 s, its velocity is 4 m s-1 

For simple harmonic motion, y = a sin wt 
:. y =a sin( 2;} 
y1 =a sin (�:)x2 =asin(:)= h .. . (i) 

At 4 s or after 2 s from mean position, 
a 

l . 4 -I y1 = .J2' ve oc1ty = m s  

:. Velocity = ffi�a2-yJ 
( 21t => 4= 16 2 a2 32.J2 

a - -- m. 
2 1t 

(Using (i)) 

12. (b): Listener moves from 
A to B with velocity u. ...A _____ ... B 

The apparent frequency of 680 Hz 

sound heard by the listener from source A 

u'=u v-vo =680(34 0- u) 
v+v5 340+0 

680Hz 

The apparent frequency of sound heard by the 
listener from source B 

" v+ v0 (34 0 + u) U =U =680 
v-v 34 0- 0 s 

But listener hears 10 beats per second. 
Hence, u" - u' = 10 
=> 680( 34 0+ u) - 680( 340-u) = 10 

34 0 340 
= 2(340 + u -34 0 + u) = 10 => u = 2.5 m s-

1 

13. (d): Let after time t1 second when A is at C, 
B reaches at D. Then the distance CD is least. 
Therefore AC = 3 t metres, OD = 4 t metres and 
OC = (10- 3 t) metres 
:. CD2 = OC2 + OD2 

= (1 0 - 3 t)2 + ( 4 t)2 

= 25 t 2 - 60 t + 100 
or CD= [(5 t- 6)2 + 64]112 

D 

B 

i 
CD is least if (5 t- 6)2 = 0 

or 5 t - 6 = 0 
c o '-----�--

• A 

or 5 t = 6 or t = 615 = 1.2 s 
So, AC = 3 x 1.2 = 3.6 m 

14. (b) 

15. (d): Heat capacity, Cp = (M0)S 
where S is the specific heat capacity 
For H2 as well as for N 2, 

10m 

Cp- Cv=R R :. (M0)Sp- (M0)Sv =R or Sp- Sv = M 0 
R 

For H2 gas, Sp- Sv = -=a 
2 
R 

For N2 gas, Sp- Sv = -= b 
28 

a Rl2 
So - = = 14 => a = 14b 

' b Rl28 

• 

--···-··----··-·-··-·--·----·---····-·····--·-·-·-···-···---···--·--·-·---··-··--·---� � 
r·································································�·········� 

• 
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CLASS-XI 
I 

System of particles and Rotational Motion 

CENTRE OF MASS 
The centre of mass of a system of particles is the point 
that moves as though 
• All of the system mass is concentrated there and 
• All external forces are applied there. 

Centre of mass of a two particle system 
• Consider a system of two particles Y 

P1 and P2 of masses m1 and m2 
respectively. Let r1 and r2 be their 
position vectors with respect to 
the origin 0, as shown in Fig. The P2 -
position vector ReM of the centre o::;..._------+x 
of mass C of the two particle 0 
system is given by 
- mi'i + m2r2 
ReM= + ml m2 

- rl +r2 
If m1 = m2 = m(say), then, ReM = ......!;.._---"'. 2 
Thus the centre of mass of two equal masses lies 
exactly at the centre of the line joining the two 
masses. 
If (x1, y1) and (x2, J2) are the coordinates of the 
locations of the two particles, then the coordinates 
of their centre of mass are given by 
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• In figure (a), two particles Y 
of masses m1 and m2 are 
separated by distance d. 
The position of the centre 
of mass (CM) of these 
two particles is given by 

m1 m2 o --���---.�+x 

m2 
XeM = 

+ 
d 

ml m2 

com 

d 
(a) 

Centre of mass of n-particles system 
• For a system of n-particles of masses m1, m2, 

m3, .... , mn having the position vectors 11, r2, ..... , rn 
respectively with respect to coordinate system, the 
position of the centre of mass is given by a position 
vector 

n 
""'m. r. .L..J I I 

R- - ml rl + mi2 + ..... + mnrn - i =1 
eM - ---

m1 +m2 + ..... +mn M 
where, M is the total mass of the system. 
The coordinates of centre of mass are given by 

XeM = 

n L:m;x; 
i= l 

M ; YeM = M 

n 
""'m.z. .L..J I I 
i=l 

; zeM = M 
Centre of mass of a rigid body (or continuous 
distribution of mass) 
• The solid bodies contain so many particles (atoms) 

that we can treat the bodies as a continuous 
distribution of matter. 



• The 'particles' then become differential mass 
elements dm, the sum become integrals, and the 
coordinates of the centre of mass are defined as 

X eM= -h-I xdm ; y CM =�I ydm ; zcM =�I zdm 

where M is the mass of the body. 

• The position of the centre of mass of a system is 
independent of the choice of coordinate system. 

• The position of the centre of mass depends on the 
shape of the body and the distribution of its mass. 
Hence it may lie within or outside the material of 
the body. 

• In symmetrical bodies in which the distribution of 
mass is homogeneous, the centre of mass coincides 
with the centre of symmetry or geometrical centre. 

• Centre of mass of some well known symmetric 
rigid bodies : 

Position of Centre of Mass of different bodies 

y 
I+-- b -�111>1 

f YcM 
· �--�+x o�xc� 

y 

Rectangular plate 
b 

XcM =-2' 

Triangular plate 
At the centroid, 

h h y CM = -
, X eM = 0 

3 

YcM .....L....__-::>t-_ __.�.__. x 0; 
Y4 

• 
• 
• 
• 

Semi-circular ring 
2R 

YcM= -, xcM= 0 7t 

S emi -circular disc 

4R y Cl\1 = , X eM = 0 
37t 

Hemispherical shell 
R y CJ\1 = 

- ' X eM = 0 
2 

h 
... X 

Solid hemisphere 

3R 
YcM = - ' xcM = 0 8 

Circular cone (solid) 
h 

YcM= -, xcM =0 4 

Circular cone (hollow) 
h 

YcM= -, xcM = 0  
3 

Motion of Centre of Mass 

• For a system of particles, position of centre of mass 

. - mlfJ. + mi·z + m3r3 + ....... 
1s ReM = ---".....!---=-='------"'-"---

ml +mz +m3 + ...... 
So, Velocity of centre of mass 

- -- mlvl +mzvz + ...... 
VCM = 

ml + mz + ...... 
( dr ) ·: dt =ii 

• Acceleration of centre of mass 

- ml al + mz liz + .. . .  ( - dii ) 
acM = 

·: 
a= dt ml + mz + .... 

• Linear momentum of a system of particles is equal 
to the product of mass of the system with the 
velocity of its centre of mass. 

• If no external force acts on a system the velocity of 
its centre of mass remains constant, i.e. , velocity of 
centre of mass is unaffected by internal forces. 

, - d(MiicM ) 
From Newtons second law Fext = 

1 
dt 

-

If Fext = 0 then ii CM = constant. 

ANGULAR VELOCITY AND ANGULAR ACCELERATION 

Angular Velocity 

• It is defined as the time rate of change of angular 

d.  1 d · · b 
de 

1sp acement an IS g1ven y w = 
dt 

. 

PHYSICS FOR YOU I OCTOBER ' 19 



• Angular velocity is directed along the axis of 
rotation. Angular velocity is a vector quantity. Its 
SI unit is rad s-

1 
and its dimensional formula is 

[MoLoT -1). 
Relationship between Linear velocity and Angular 
Velocity 

• The linear velocity of a particle of a rigid body 
rotating about a fixed axis is given by ii = ffi X r 
where r is the position vector of the particle with 
respect to an origin along the fixed axis. 

• As in pure translation motion, all particles of the 
body have the same linear velocity at any instant of 
time, in pure rotational motion, all particles of the 
body have the same angular velocity at any instant 
of time. 

• For rotation about a fixed axis, the direction of the 
angular velocity w does not change with time. Its 
magnitude, however may change from instant to 
instant. In general rotation, both the magnitude and 
direction of w may change from instant to instant. 

Angular Acceleration 
• It is defined as the time rate of change of angular 

dro 
velocity and is given by, 

ex. 
= dt 

• Angular acceleration is a vector quantity. Its SI unit 
is rad s-2 and its dimensional formula is [M0L0T-2] 

Kinematics Equations of Rotational Motion 
• w = w0 +at 

1 2 • e = ffiot + - ext 
2 

• w2 = w2o + 2cx.8 
where the symbols have their usual meanings. 

ToRQUE AND ANGULAR MoMENTUM 

Torque 
• Torque is the turning effect of a force. If a force 

acting on an object has a tendency to rotate the 
body about an axis, the force is said to exert a torque 
on the body. It is a vector quantity. 

• In vector form, -
Torque, 't = r X F 
In magnitude, 't = r F sin8. -
Here 8 is the angle between rand F. 

• Torque has the same dimensions as that of work i .e. 
[ML 2T -2] .  But work is a scalar quantity whereas 
torque is a vector quantity. 
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• By convention, anticlockwise moments are taken 
as positive and clockwise moments are taken as 
negative. 

Special Cases 

• 

• 

• 

Axis of rotation 

II ._-----------�r.-· ��--�: 
�----------�----P F 0 If 8= 0°, then 1F 0 

(the rod will not rotate) 

Axis of rotation 

�·--------A4 ;• � 
0 If a= 180°, then 1: = o 

(the rod will not rotate) 
Axis of rotation F ·� 8= 90° 

t->------�S\ i 0 p 
If e = 90°, then 't= rF (maximum torque) 

Note : Same force acting at the same point can produce 
either anticlockwise or clockwise torque depending 
upon the location of the axis of rotation as shown in 
the figure. 

Axis of rotation Axis of rotation �c 
• 

A 

c .... 
• ) • 

B a F A F 
Anticlockwise torque Clockwise torque 

Work Done by a Torque and Power 
• 

• 

Work done, W = torque x angular displacement 

= 't X �8 
dw de 

Power P = = 't- = 'tffi , 
dt dt 

Angular Momentum 

-
• 

B 

• Angular momentum of a particle about a given axis 
is the moment of linear momentum of the particle -
about that axis. It is denoted by symbol L . 

• Angular momentum L = r x p 
In magnitude, L = rp sin8 
where e is the angle between r and p . 

• Angular momentum is a vector quantity. Its SI unit is 
kg m2 s -

1
. Its dimensional formula is [ML 2T -

1
] .  

Relationship between Torque and Angular 
Momentum 
Rate of change of angular momentum of a body is equal 
to the external torque acting upon the body. -

_ dL 
Mathematically, 'text =dt 



LAw OF CoNSERVATION OF ANGULAR MoMENTUM 

If no external torque acts on a system then the total 
angular momentum is conserved. 

-dL -i.e., 1:ext = 0 then - = 0 or L = constant 
dt 

Thus, if no external torque acts on a system, total 
angular momentum of the system remains constant. 
This is a statement of law of conservation of angular 
momentum. 

Applications of Conservation of Angular 

Momentum 

• A planet revolves around the sun in an elliptical 
path. When it comes near the sun, the moment 
of inertia of the planet about the sun decreases. 
In order to conserve the angular momentum, the 
angular velocity shall increase. Similarly, when the 
planet is away from the sun, there will be decrease 
in the angular velocity. 

• An ice-skater or a ballet dancer can increase her 
angular velocity by folding her arms and bringing 
the stretched leg close to the other leg. When she 
stretches her hands and a leg outward, her moment 
of inertia increases and hence angular speed 
decreases to conserve angular momentum. When 
she folds her arms and brings the stretched leg close 
to the other leg, her moment of inertia decreases 
and hence angular speed increases. 

EQUILIBRIUM OF A RIGID Boov 

• A body is in rotational equilibrium, if the total 
external torque on it is zero, i.e. L'ti = 0. 
dL --= 0 => L = constant dt 
i.e., the body rotates with a constant angular 
velocity. 

• Center of gravity : A point of an extended body 
where the weight of the body acts and total 
gravitational torque on the body is zero, is known 
as the centre of gravity. 

1. The position vector of the centre of mass �m of 
an asymmetric uniform bar of negligible area of 
cross-section as shown in figure is 

- ll /\ 3 /\ (a) r =-L x+-Ly em 8 8 

(b) - 1 3  L 1\ 
5 L 1\ rem = B x+ 8 y Ll----, 

- 3 /\ 1 1 /\  (c) r = - L x +-Ly em 8 8 
(d) - 5 L 1\ 13  L 1\ 

rem = B x +B Y 

L 2L 3L 

(fEE Main 2019) 
A A A 

2. The moment of the force, F=4i + 5 j-6k at 
(2, 0, -3), about the point (2, -2, -2), is given by 

/'\ A A A ,._ A 

(a) -8i - 4 j-7k (b) -4i - j- 8k 
A A A A A A 

(c) -7i - 8j-4k (d) -7i - 4 j - 8k 
(NEET 2019) 

MOMENT OF INERTIA 

• The moment of inertia of a rigid body about a fixed 
axis is defined as the sum of the products of the 
masses of the particles constituting the body and 
the squares of their respective distances from the 
axis of rotation. 

• The dimensional formula of moment of inertia is 
[ML 2T0]. The SI unit of moment of inertia is kg m2 
and its CGS unit is g cm2. 

• Momentum of inertia is the rotational analogue of 
mass in linear motion. 
The moment of inertia of a body depends on 

Mass of the body 
Size and shape of the body 
Distribution of mass about the axis of rotation. 
Position and orientation of the axis of rotation 
with respect to the body. 

Radius of Gyration 
• The radius of gyration of a body about its axis of 

rotation may be defined as the distance from the 
axis of rotation at which, if the whole mass of the 
body were concentrated, its moment of inertia about 
the given axis would be the same as with the actual 
distribution of mass. It is denoted by symbol k. 

• The relation between moment of inertia I and 
radius of gyration k is 

I =  Mk2 or k = _!_ M 
• Radius of gyration of a body about an axis of 

rotation may also be defined as the root mean 
square distance of its particles from the axis of 
rotation. 
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i.e., k = 
2 2 2 rl + r2 + ... + rn 

n 

where x-and y-axes lie in the plane of the lamina 
and z-axis is perpendicular to its plane and passes 
through the point of intersection of x andy-axes. 

The SI unit of radius of gyration is m. Theorem of Parallel Axes 
Theorem of Perpendicular Axes • It states that the moment of inertia of a body about 

any axis is equal to the sum of the moment of inertia 
of the body about a parallel axis passing through its 
centre of mass and the product of its mass and the 
square of the distance between the two parallel axes. 
Mathematically, I = IcM + Md2 

• It states that the moment of inertia of a plane 
lamina about an axis perpendicular to its plane is 
equal to the sum of the moments of inertia of the 
lamina about any two mutually perpendicular axes 
in its plane and intersecting each other at the point, 
where the perpendicular axes pass through the 
lamina. Mathematically, 

lz = lx + ly 

where IcM is the moment of inertia of the body 
about an axis passing through its centre of mass 
and d is the perpendicular distance between the 
two parallel axes. 

Moment of inertia and radius of gyration of some regular bodies about specific axis is given below : 

S.No. Body 

Uniform circular . of nng 
1 .  mass M and radius R 

Uniform circular disc of 2. mass M and radius R 

Solid sphere of radius R 3. and massM 

Hollow sphere of radius R 
4. and massM 

Axis of rotation 

(i) about an axis passing through the 
centre and perpendicular to its plane 

(ii) about a diameter 

(iii) about a tangent in its own plane 

(iv) about a tangent perpendicular to its 
plane 
(i) about an axis passing through its centre 
and perpendicular to its plane 1-
(ii) about a diameter 

(iii) about a tangent in its own plane 

(iv) about a tangent perpendicular to its 
own plane 

(i) about its diameter 

(ii) about a tangential axis 

(i) about its diameter 

(ii) about a tangential axis 

Moment of Radius of 

inertia (I) gyration (K) 
MR2 R 

.!_MR2 R -
.J2 2 

�MR2 �R 
2 

2MR2 R../2 

.!_MR2 R -
.J2 2 

- -

.!_MR2 R/2 4 
�MR2 JSR 4 2 

�MR2 lR 2 

�MR2 ,..... 2R 5 ' 5 

7 MR2 ,..... 7R 5 ' 5 

�MR2 ,..... 2R 3 ' 3 
- -

,..... �MR2 �R 3 ' 3 
-----------· ------------------------------------------------ -----------------------··-----------··-----------------------·---------- --------------------------- --------------------------
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Solid cylinder of length l, 5. radius R and mass lvf. 

I 
Hollow cylinder of mass M, 6. length l and radius R 

I 

Thin rod of length L and 7. MassM 

Rectangular lamina of 
8. length l breadth b and mass 

M 
Uniform solid cone of 

9. radius R, and mass lvf. 
height h 
Parallelepiped of length 

10. l, breadth b and height h, 
massM 

(i) about its own axis 

(ii) about an axis passing through centre 
of mass and perpendicular to its own axis 

(iii) about the diameter of one of the faces 
of cylinder 

(i) about its own axis 
(ii) about an axis passing through its 
centre of mass and perpendicular to its 

. own ax1s 
(i) about an axis passing through the 
centre of mass and perpendicular to the 
rod 
(ii) about an axis passing through one 
end and perpendicular to rod 

about an axis passing through its centre of 
mass and perpendicular to plane 

about an axis through its centre of mass 
and joining its vertex to centre of base 

about its central axis 

�MR2 
2 

r 2 2-
M !_+R 

12 4 .... -

� z2 R2 M -+ 

M 

3 4 
� 

MR2 
/ 2 R l 2 ' +-

2 12 ' 

ML2 
12 

ML2 
3 

r -

/ 

M z2 +b2 
12 .... -

2_MR2 
10 

/ z2 + b2 M 
12 ' / 

1 

1 

1 

' 

1 

R -
J2 

z2 R2 -+ 
12 4 

z2 R2 -+ 
3 4 
R 

R2 z2 +-
2 12 

L 
Jl2 

L 
.J3 

z2 +b2 

12 

R\ 
3 -
10 

z2 +b2 
12 

-

-

3. Two identical spherical balls of mass M and radius 
R each are stuck on two ends of a rod of length 
2R and mass M(see figure). The moment of inertia 
of the system about the axis passing perpendicularly 
through the centre of the rod is 

4. A solid cylinder of mass 2 kg and radius 4 em is 
rotating about its axis at the rate of 3 rpm. The 
torque required to stop it after 2n revolutions is 
(a) 2 X 106 N m (b) 2 X 10-6 N m 
(c) 2 x l0-3 N m  (d) 12 x l0-4 N m  

(NEET 2019) 
ROLLING 

• 2R • • 
• • 

' 
• 
• 
• • 
• 
' 
• 0 
• 

209 MR2 (a) (b) 
15  

(c) 152 MR2 (d) 
15 

137 MR2 
15  
!.Z.lvJ.R2 15 

(lEE Main 2019) 

• 

• 

Rolling is a special phenomenon and it can be 
understood from two perspectives. Firstly, it can 
be seen as a special combination of rotation and 
translation. Secondly, it can be seen as pure rotation 
about its point of contact. 
Here, velocity of point P 
is the vector sum of two 
terms v and rw. Here v is 
common for all points, ro 

while rw is different for 
different points, as r is different. 
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vp = �v2 + (rro)2 + 2(v)(rro) cos(90° - e) 

= �v2 + r2ro2 + 2vrro sine 
• Uniform pure rolling : In which v and ro remain 

constant. 
Condition of pure rolling 
is v = Rro. In this case 
bottommost point of the 
spherical body is at rest. 
It has no slipping with its 
contact point on ground. p 

Rw Because ground point is � • 
also at rest. P 

v 

v ... 
If v > Rro, then net velocity of point P is in the 
direction of v. This is called forward slipping. 
If v < Rw, then net velocity of point P is in 
opposite direction of v. This is called backward 
slipping. 

Rw � p 
• 

v ... _.1..___ ____ ___._1 IJ> vo 
If a spherical body is rolling over a plank, 
condition for no slipping between spherical 
body and plank is, v - Rw = v0 

MoTION OF A BoDY RoLLING WITHOUT SLIPPING 

DowN AN INCLINED PLANE 

• When a rigid body rolls 
down an inclined plane 
without slipping, it has 
a motion of translation 
as well as of rotation. As B 
it rolls down, it suffers a -......J 
vertical fall and therefore 

e Mgcos 8 h 
. . . . .  '1� . . . . . . .  . 

losses potential energy. At the same time it acquires 
linear and angular speeds and hence gains kinetic 
energy of translation and that of rotation. If there 
is no loss of energy through friction etc., the loss in 
gravitational potential energy is equal to the gain in 
kinetic energy. 

• Consider a plane inclined at an angle e to the 
horizontal and M be the mass and R the radius of 
that circular section of the body which rolls on the 
plane. 

~ PHYSICS FOR YOU I OCTOBER '19 

• Let initially the body be at point A and at rest and 
after some time it reaches B (figure.). 

• In moving from point A to B, the body travels a 
vertical distance h given by h = s sin e, and hence 
the loss of gravitational potential energy of the 
body = Mgh = Mgs sin e 

• Because there is no slipping and it is assumed that 
there is no dissipation of energy in any other way, 
the loss in potential energy must be equal to the 
gain in kinetic energy of the rolling body. Thus, 

• 

1 1 Mgs sin e =  -Mv2 + -Iro2 
2 2 

Where I is moment of inertia of the body about an 
axis passing through its centre and perpendicular to 
its end faces. Now above equation can be written as 

On solving, 
2Mgh v = - 2gh 

M + IIR2 e 1 +  2 R 
Differentiating equation (i), 
acceleration of rolling body, 

Mgsine g sine 
a - -- -

M +I/R2 k2 1 + -R2 

. . . (i) 

w.r. t. time, we get 

• Time of descent of a body rolling down an inclined 

plane, from equation s = ut + .!. ar will be, 2 
1 2h / I ' 1 2h k2 t =  � M +  = - 1 +-

sine gM R2 sine g R2 
Analogy between Translational Motion and 

Rotational Motion 

The analogy between quantities that describe linear 
motion and the corresponding quantities that describe 
rotational motion is as shown in the table. 

Linear motion Rotational motion 

about a fixed axis 

1 .  Displacement, x I Angular displacement, e 
2. dx Angular velocity, 

Velocity, v = - de dt W = -dt ... ..... _ -· .. ····-·-···-· .. ··-·-··-···-···L··-···· .. . . . . ··-··---·-········ .. ··--··· ... 



...... . ... . ... ........ .. . . ...... .. ·--........ . .. .. .... .. ... .. "" .................. _. 

3. Acceleration Angular acceleration 
dv dw a = - a =  dt dt 

4. Mass,M Moment of inertia, I 
5. Force, F=Ma Torque, -r = Ia 
6. Work done, W = Fs Work done, W = -r8 
7. Translational kinetic Rotational kinetic 

energy, Kr = Mv2 energy, KR = Iw
2 

2 2 
8. Power, P = Fv Power, P = -rw 
9. Linear momentum, Angular momentum, 

p = lvfv L = Iw 
10. Equations of Equations of 

translational motion rotational motion 
v = u + at, w = w0 + at 

1 1 2 s = ut +-at2 8 = w0t +-at 2 2 
v2 - u2 = 2as w2 -w� =2a8 
where the symbols where the symbols have 
have their usual their usual meaning. . meanmg. 

5. Two coaxial discs, having moments of inertia I1 and 
I _!_, are rotating with respective angular velocities 2 

w w1 and -l, about their common axis. They are 2 
brought in contact with each other and thereafter 
they rotate with a common angular velocity. If E1 
and E; are the final and initial total energies, then 
(E1- E;) is 

2 
(d) -Ilwl 12 

(lEE Main 2019) 

6. A solid sphere is in rolling motion. In rolling motion 
a body possesses translational kinetic energy (Kt) as 
well as rotational kinetic energy (K,) simultaneously. 
The ratio Kt : (Kt + K,.) for the sphere is 

I 

(a) 7 : 10 (b) 5 : 7 
(c) 10 : 7 (d) 2 :  5 (NEET 2018) 

A point mass is tied to one end of a string which 
is wound around a solid body, then. When the 
mass is released, it falls vertically downwards. 
Downward acceleration of point mass, 

a = _....::g:.....__ 
I 1+  2 mR 

Tension is string, T = mg 

Velocity of point mass, v = 

I 
I+mR2 

2gh 
I 1 +  2 mR 

Angular velocity of rigid body, w = 2mgh 
I +mR2 

where m is the mass of point mass, R is the radius 
of the rigid body and I is the moment of inertia 
of the rigid body. 
Moment of Inertia of annular disc through an 

. axiS 
Passing through the centre and perpendicular to 
the plane 

M 2 2 I =-[R1 +R2
] 

2 
Passing through its diameter. 
I =  M [RJ + R; ] , where R1 and R2 are the inner 4 
and outer radius respectively. 
Moment of inertia of an equilateral triangular 
lamina with side a passing through its centre of 
mass and perpendicular to the plane 

Ma2 I = --

6 

r - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ,  

I 
: Answer Key For Peep Into Previous Years 
I 

: I.  (b) 2. (d) 3. (b) 4. (b) 5. (a) 6. (b) 

I 
I 
I 
I 
I 
I 

� - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 4  
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1 .  The centre of mass of a system of three particles of 
masses 1 g, 2 g and 3 g is taken as the origin of a 
coordinate system. The position vector of a fourth 
particle of mass 4 g such that the centre of mass of 
the four particle system lies at the point (1 ,  2, 3) is 

A A A 

a(i + 2 j + 3k ),where a is a constant. The value of a is 
(a) 10/3 (b) 5/2 (c) 1/2 (d) 2/5 

2. The rotor's velocity of a helicopter engine changes 
from 330 revmin-1 to 1 10  rev min-1 in 2 minutes. 
How long does the rotor blades take to stop? 
(a) 3 min (b) 4 min (c) 5 min (d) 6 min 

3. From a circular ring of mass M and radius R, an 
arc corresponding to a 90° sector is removed. The 
moment of inertia of the remaining part of the ring 
about an axis passing through the centre of the ring 
and perpendicular to the plane of the ring is k times 
of MR2. Then the value of k is 
(a) 3/4 (b) 7/8 (c) 1/4 (d) 1 

4. What constant force, tangential to the equator should 
be applied to the earth to stop its rotation in one 
day? 
(a) 1.3 x 1022 N 
(c) 1.3 x 1023 N 

(b) 8.26 X 1028 N 
(d) None of these. 

5. A ring of mass M and radius R is rotating with 
angular speed w about a fixed vertical axis passing 
through its centre 0 with two point masses each of 

mass M at rest at 0. These masses can move radially 8 
outwards along two massless rods 
fixed on the ring as shown in the 
figure. At some instant the angular 
speed of the system is 8 w and one 

9 
of the masses is at a distance of � R 5 
from 0. At this instant the distance 
of the other mass from 0 is 
(a) 2 R (b) .!_R (c) 3 R (d) 4 R 

5 3 5 5 
6. A rotating wheel changes angular speed from 

1800 rpm to 3000 rpm in 20 s. What is the angular 
acceleration assuming it to be uniform? 
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it up . 
(a) 6 n rad s-2 
(c) 2 n rad s-2 

(b) 9 n rad s-2 
(d) 4 n rad s-2 

7. A solid ball of radius 0.2 m 
and mass 1 kg is given an 
instantaneous impulse of 
50 N s at point P as shown in 
the figure. Find the number 
of rotations made by the ball 
about its diameter before 
hitting the ground. The ball 
is kept on smooth surface 
initially. 

50 N s 

(a) 1721 (b) 861 (c) 497 (d) 540 
8. The centre of mass of a non-uniform rod of length L 

2 
and mass per unit length A,= Kx , where K is a 

L 
constant and x is the distance from one end, is 
(a) � 

4 
(b) � 

8 
K 3K (c) - (d) 
L L 

9. A metre stick is held vertically 
with one end on the floor and 
is then allowed to fall. If the 
end touching the floor is not 
allowed to slip, the other end 
will hit the ground with a 
velocity of (g = 9.8 m s-2) 
(a) 3.2 m s-1 (b) 5.4 m s-1 
(c) 7.6 m s-1 (d) 9.2 m s-1 

10. A coin of mass 10 g rolls along a horizontal table 
with a velocity of 6 em s-1. Its total kinetic energy is 
(a) 9 �J (b) 18 �J (c) 27 �J (d) 36 �J 

1 1 .  A uniform rod AB of mass m and length 2a is 
falling freely without rotation under gravity with 
AB horizontal. Suddenly the end A is fixed when 
the speed of the rod is v. The angular speed with 
which the rod begins to rotate is 

(a) � (b) � (c) � 
2a 3a 3a 

(d) 3v 
4a 

12. A solid sphere and a solid cylinder of same masses 
are rolled down on two inclined planes of heights 



h 1 and h2 respectively. If at the bottom of the plane 
the two objects have same linear velocities, then the 
ratio of h1 : h2 is 
(a) 2 :  3 (b) 7 :  5 (c) 14 : 1 5  (d) 15 : 14 

13. A disc is rolling on the inclined plane. What is the 
ratio of its rotational KE to the total KE? 
(a) 1 : 3 (b) 3 :  1 (c) 1 : 2 (d) 2 :  1 

14. A disk and a sphere of same radius but different 
masses roll off on two inclined planes of the same 
altitude and length. Which one of the two objects 
reaches the bottom of the plane first? 
(a) Disk 
(b) Sphere 
(c) Both reaches at the same time. 
(d) Depends on their masses. 

15. In the figure shownABCis A 

a uniform wire. If centre of 
mass of wire lies vertically 
below point A, then BC is B c 

close to AB 
(a) 1.85 (b) 1.5 (c) 1.37 (d) 3 

16. A cubical block of side 30 em is a • 30  an 
moving with velocity 2 m s-1 on � ., 
a smooth horizontal surface. 0 The surface has a bump at a point 0 as shown in 
figure. The angular velocity (in rad s -1) of the block 
immediately after it hits the bump is 
(a) 13.3 (b) 5.0 (c) 9.4 (d) 6.7 

17. An automobile moves on a road with a speed of 54 
km h-1. The radius ofits wheels is 0.45 m and the 
moment of inertia of the wheel about its axis of 
rotation is 3 kg m2. If the vehicle is brought to rest 
in 15 s, the magnitude of average torque transmitted 
by its brakes to the wheel is 
(a) 10.86 kg m2 s-2 (b) 2.86 kg m2 s-2 
(c) 6.66 kg m2 s-2 (d) 8.58 kg m2 s-2 

18. A uniform disc of radius R lies in x-y plane with its 
centre at origin. Its moment of inertia about the axis 
x = 2R and y = 0 is equal to the moment of inertia 
about the axis y = d and z = 0, where d is equal to 

(a) _± R (b) ..fli R (c) 3R (d) Jl5 R 
3 2 2 

19. A boat of 90 kg is floating in still water. A boy of 
mass 30 kg walks from the stern to the bow. The 
length of the boat is 3 m. Find the distance through 
which the boat will move. 
(a) 0.75 m (b) 0.90 m (c) 1.0 m (d) 1.5 m 

20. From a disc of radius R and mass M, a circular 
hole of diameter R, whose rim passes through the 
centre is cut. What is the moment of inertia of the 
remaining part of the disc about a perpendicular 
axis, passing through the centre? 
(a) 1 1  MR2/32 (b) 9 MR2/32 
(c) 15 MR2/32 (d) 13 MR2/32 

SOLUTIONS 

1. (b) : Let us take the (.x, y, z) coordinates of masses 
1 g, 2 g, 3 g and 4 g are (x1 = 0, y1 = 0, z1 = 0), 
(� = O,y2 = O,z2 = 0) 
(x3 = 0, y3 = 0, z3 = 0), (x4 = a, y4 = 2a, z4 = 3a) 

�xl + m2x2 + m3x3 + m4x4 
: · X eM = -.!......!.....--=-...:=--��-�� ml + m2 + m3 + m4 
X _ 1 x 0 + 2 x 0 + 3 x 0 + 4 x a  

CM - 1+2+3+4  
4a s 1 =  or a = -10 2 

The value of a can also be calculated by Y CM and ZcM· 
2. (a) : Initial angular velocity of the rotor, 

ffi1• = 330 rev min-1 = 21tX330 rads-1 . 60 
Final angular velocity of the rotor, 

. -I 27tXl l 0  d -I 
w 1 = 1 10  rev mm = 60 

ra s 
Angular acceleration of the rotor, (21t X 1 10  21tX 330 ) d -1 - ra s 

(I) f - (l) i  60 60 a =  - ���--�-�---
t 2 x 60s 

2nx220 d _2 2n x1 10  d -2 = - ra s = - ra s 
2x60x60 60 x 60 

when the rotor stops, w1= 0 
. 21t X 330 21t X 1 10 Usmg w1 = ffi; + at, 0 = - t 60 60 x 60 
21t X 330 X60 X 60 t = = 180 s = 3 min 21t X 1 10  X 60 

3. (a) : Moment of inertia of a ring about an axis 
passing through the centre and perpendicular to the 
ring is I =  MR2 

(a) (b) 
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Mass of the remaining portion of the ring as shown in 
M 3M the figure (b) is M--= -4 4 

Moment of inertia of the remaining portion of the ring 
about a given axis is 

I'=� MR2 .. . (i) 
4 

Given I' = kMR2 ... (ii) 
From (i) and (ii) we get, k = 3/4 
4. (a) : w1 = 2n radian per day, w2 = 0 and t = 1 day 

• 
• • 

W2 - W1 0 - 2n rad 2n rad a =  = = 2n = ----
t 1 day2 (86400)2 s2 

Impulse x R 
(l) = _..;;,_ __ _ or w = Impulse x R = 625 rads-1 

2 mR2 I 
5 

. wT 3125.J3 Number of rotatiOns, n = = :::: 861 
2n 2n 

8. (a) : o � o x = O  ! ! x = L  : : • • ... .,. t4 X dx 
Kx2 Mass of the element PQ is dm = /...dx = · dx L 
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• 
• •  

L L K 3 J x dm J x dx L 
X _ 0 _ 0 CM - L L 2 

Jdm J Kx dx 
0 o 

L 

L4 
4 3L - -- -
L3 4 
3 

9. (b): In this process potential energy of the metre 
stick will be converted into rotational kinetic energy. 
Potential energy of metre stick = mg( �) 
(Because its centre of gravity B i"' -...... lies at the middle point of the 

��
�� ••• 

rod) ···� Rotational kinetic energy + ·C. G. \ 
l/2 ', 

E = ! I w2 i ._,....... ___ __,' VB 2 A 
I = Moment of inertia of 

mf metre stick about point A = --3 
w = Angular speed of the rod while striking the ground. 
vB = Velocity of end B of metre stick while striking the 
ground. 
By the law of conservation of energy, 

mg(i) = ! Iw2 = .!_ mf ( vB 2 
2 2 2 3 l 

By solving we get, v B = J3ii = .. }3 x 10 x 1 = 5.4 m s-1• 
10. (c) : The total kinetic energy of the coin is 

1 2 1 2 K = Ky + KR = -Mv +-Iw 2 2 

_ 1 M 2 1 ( 1 MR2 ) 2 - - v +- - (J) 2 2 2 

. 1 [·: For com, I = -MR2] 
2 

[·: v = Rw] 
3 2 = -Mv = 27J.Lf. 4 

A B 
11 .  (d) : 0:::::=== ====:.Jl 

a a 

v 

B 

Angular momentum about A will be conserved, 
i.e., L; = LJ 

m(2a)2 3v or mva = Iw or mva = w ==> w = -
3 4a 

12. (c) : In case of pure rolling of a solid sphere, 
KR _ 2  

Ky 5 
Where KR =Rotational kinetic energy, K y= Translational 
kinetic energy. 



Then at the bottom of the plane, K R + K T = mgh 1 

5 
or Ky =-mgh1 7 

K 1 
For solid cylinder, R -Ky 2 

. 2 
· · Ky =-mgh2 3 

K 2 
as R = -Ky 5 

At the bottom, both have the same linear velocities, 

i.e., they have the same translational kinetic energies 

5 2 h 14 :. 7mgh1 = 3mg� :. �= iS 

1 2 1 2 13. (a) : Etot = Etran + Erot = 
2 mv + 2 Iw 

1 2 1 1 2 v2 =-mv +-x-mr x-
2 2 2 r2 

1 2 1 2 3 2 =-mv + -mv =-mv 2 4 4 

1 2 
E mv 1 rot = 4 = 

_ 
= 1 : 3 Etot 3 2 3 mv 

4 

14. (b) : Time taken by the body to reach the bottom 

when it rolls down on an inclined plane without slipping 

is given by 

t =  
/ 2 \ 

2l 1 +  k 
R2 � __,.___----=:....:__,t.. 

gsin9 

Since g is constant and l, R and sin e are same for both 

k2 R2 1+ __.4.. 1+ 2 :. !JL = -7====R=2 _ 2R 
k2 2R2 

1+ ----L 1+ 2 R2 5R 

3 5 1 5  
- X - = 
2 7 14 

3_R 
5 

Hence, the sphere gets to the bottom first. 

15. (c) : LetAB = p 
BC = q  
A = linear mass density 

of the rod 
According to question, 

.(1 
• 
• 
• 
• 
• 
• 
• 
• 
• B...._.....__ ..... __ ::--- C q 

centre of mass of the rod lies vertically below point A. 

q q2 1 
==> 1 + - = - + - => 

p p2 2 

2 1 1 _ 1  __ = 0  
p p 2 

-(-1)+ (-1)2 -4(1{-± ) 1 + J3  1 - ------'------- ---
p 2 X 1 2 

q 1 +J3 
:. Possible value of - = = 1.366 '"' 1.37 

p 2 
16. (b) :  Since no external torque acts on the system, 
therefore total angular momentum of the system about 
point 0 remains constant. 

Before hitting, L· = mv � I 2 
After hitting , L1 = Iw 

a mva :. mv-=Iw or W=--2 2I 
Here, I = moment of inertia of cube about its edge 

a2 = m-+m .fia 2 _ ma2 ma2 2ma2 -- +  ---
6 2 6 2 

:. W= 
mvax3 _ 3v _ 3 x 2  = 5 rad s

_1 

2x2ma2 4a 4x0.3 

17. (c) : Here, speed of the automobile, 

v = 54 km h-1 = 54x2._ m s-1 = 1 5 m  s-1 
1 8  

3 

Radius of the wheel of the automobile, R = 0.45 m 
Moment of inertia of the wheel about its axis of rotation, 
I = 3 kg m2 

Time in which the vehicle brought to rest, t = 15 s 
The initial angular speed of the wheel is 

-1 
_ v _ 1 5  m s _ 1500 

d -1_ 100 
d -1 OJ· -- - - ra s - ra s 

1 R 0.45 m 45 3 

and its final angular speed is 
Wj = 0 (as the vehicle comes to rest) 
:. The angular retardation of the wheel is 

0 -
100 

(J)f - (J)i 3 100 -2 a =  = = - rad s 
t 1 5  45 
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The magnitude of required torque is 

't = I  a= (3 kg m2{ 1�� rad s-2 ) 
20 k 2 -2 6 66 k 2 -2 = - g m s = .  g m s 
3 

18. (b) : An axis passing 
through x = 2R, y = 0 is in ® 
direction as shown in figure. 
Moment of inertia about this 
axis will be 

1 2 2 9 2 I1 =-mR + m(2R) =-mR 
2 2 

y 

-4--+--1-� x 
x = 2R  
y = O  

... (i) 

Axis passing through y = d, z = 0 is shown by dotted line 
in figure. Moment of inertia about this axis will be 

1 2 2 I2 =-mR + md ... (ii) 4 
By equations (i) and (ii), we get 

]_mR2 + md2 =2.mR2 or d = .Jli R 
4 2 2 
19. (a) : As shown in figure, let C1, C2 and C be the 
centres of mass of the boy, boat and the system (boy 
and boat) respectively. Let x1 and x2 be the distances of 
C 1 and C2 from the shore. Then the centre of mass will 
be at a distance, 

30x1 +90x2 XcM = 
_3

_...0_+_9_0
-= 

Shore 

As the boy moves from the stern to the bow, the boat 

moves backward through a distance d so that position 

of the centre of mass of the system remains unchanged. 

, 30[x1 - (3 -d)] + 90(x2 + d) 
X - -

�
-

.;._
_

;...;;_ 
_ __;_.::,__;... CM - 30+90 

As x'cM = xcM 
30(x1 -3  + d)+  90(x2 + d) _ 30x1 + 90x2 

120 120 
=> = -90 + 30 d + 90 d = 0 
:. d = 0.75 m 

20. (d): Mass per unit area of disc = 
M

2 
Mass of removed portion of disc, nR 

I M R 2 M M = X 1t  -
nR2 2 4 

Moment of inertia of removed 
portion about an axis passing 

through centre of disc 0 and 
perpendicular to the plane of disc, 

Io = I o' + i\1' d2 
1 M  

= -x-x 
2 4 

R 2 M +-X 
2 4 

R 2 MR2 MR2 
2 

- -- + --
32 16 

3MR2 
32 

When portion of disc would not have been removed, 

the moment of inertia of complete disc about centre 0 . lS 
I0 = ]_MR2 

2 
So, moment of inertia of the disc with removed portion is 

1 3MR2 13MR2 l = I0 - I0 =  -MR2 ---
2 32 32 
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Visitors to a village called Khodad, about 80 km 
north of Pune, can easily spot a series of giant 

dishes that rise against the sky. These are part of 
a network of radio telescopes called the Giant 
Metrewave Radio Telescope (GMRT). Built by the 
National Centre for Radio Astrophysics (NCRA) 
in Pune, GMRT looks deep into space and back in 
time, at events in the universe not easily accessible 
to optical telescopes. 

A set of radio astronomers at NCRA are especially 
interested in events soon after the Big Bang, with 
which the universe is supposed to have been born, 
13.8 billion years ago. Optical telescope can only look 
back to about 500 million years after the Big Bang. 
Radio telescopes alone can peer into the secrets 
beyond that. But radio telescopes like G MRT are 
running into a problem on the earth - interference 
fl'om mobile towers and other electronic equipment. 

Sometime in the near future, when the moon 
opens up for scientists to set up experiments, radio 
astronomers will be among the first set of scientists 
to exploit the radio-quiet zones there. A network of 
radio telescopes on the moon can peer deep into 
space without electrical interference. With proven 
expertise in telescope-building, India will be an 
automatic partner for international projects to build 
radio telescopes on the moon. 

When the GMRT was bui11 20 years ago, Khodad was 
a quiet village. Now mobile towers have sprouted 
everywhere, and radio astronomers at NCRA have 
had to develop clever ways to weed out the noise. 
Now no place on the earth is free from signal 
interference. 

The echo of electrical signals from the earth can reach 
even the near side of the moon, but telescopes on 
its far side will be completely free from interference. 
'The far side of the moon Is completely shielded from 
the earth; says Yashwant Gupta, director of NCRA. 
·setting up a telescope there is like a dream: 

Radio astronomers have been watching the moon 
keenly for a few decades, hoping to set up their 
telescopes on the satellite one day. Powerful and 
sensitive radio telescopes, free fl'om interference, 
can probe deep questions about the evolution of 
the universe. Optical telescopes can look back 
only to a point after the first stars were born. Radio 

waves carry information about early structures in the 
universe like the first stars and galaxies. 

They are also supposed to carry information about 
the first atoms in the universe, which may have 
formed 380,000 years after the Big Bang. But these 
signals are so feeble - less than a trillionth of the 
energy of a mobile phone signal - that astronomers 
need to weed out all noise. 

While radio astronomers want to use the moon to 
figure out events in the early universe, planetary 
scientists want to explore it to figure out how the solar 
system was formed, and how the earth evolved into 
Its present state. The composition of the moon and 
the earth are so similar that it is sometimes hard for 
a geologist to figure out where a rock or soil sample 
has come fl'om. But there is a crucial difference. 

What Makes the Moon So Attractive 

The moon and the earth share a common past, but 
the moon is fl'ozen in time 

Studying the moon tells us how the earth looked 
like in the past 

The moon is a great place to probe deep into space 
because telescopes will have no interferences from 

human activity 

The moon is supposed to have been hived off from 
the earth when both were still hot, some 4.4 billion 
years ago, by the impact of a body roughly the size of 
Mars. It is the reason why the earth and the moon are 
so similar. However, the earth has evolved while the 
moon is frozen in time. 

The earth has plate tectonics that gradually erases 
history fl'om its surface. The moon died geologically 
a billion years ago. Or, so we thought. Recently, 
scientists have noticed some geological activity 
on the moon, but it is not of the kind that will erase 
history on the surface. The moon has had large 
volcanic eruptions like the earth, but the last major 
set of eruptions happened 3.2 billion years ago. 

"' 
u 

· -"' 
� 

..c:: 
0.. 

Lacking an atmosphere, the moon does not have 

weather, and so the surface remains largely intact. 
Looking at the moon is like looking at the earth a 
long lime ago. 'The moon Is the closest Image of 

the ancient earth,· says Deepak Dhingra, assistant 

professor at liT Kanpur. Dhingra, who had worked 
on Chandrayaan-1 while at the Physical Research 
Laboratory (PRL) in Ahmedabad, is a planetary 
scientist who studies lunar crust evolution. 

Our understanding of the moon has improved in 

recent times. The most important in the last decade 
was the presence of water on the moon. Scientists 

have detected a small layer of water all over the 
moon. Multiple missions, including Chandrayaan-1 , 

have confirmed the presence of water on the poles. 

Recent research has also indicated that there is 
water inside the moon. 

If there are large amounts of water on the moon, it 

may become easier to set u p  a base there. Apart 
fl'om sustaining life, water can be split to generate 

hydrogen and oxygen, and they can serve as fuel 
during the long lunar night (one lunar night lasts 

about two earth weeks). It also removes the need 
to carry water fl'om the earth when setting u p  bases. 

The Apollo missions brought back 380 kg of samples, 
of which 50% was preserved for five decades. This 

was because NASA knew that technology to analyse 

the samples will improve in the future, and so didn't 
want to waste them. These samples were opened 
and distributed this year to scientists who wanted to 

study them. 'There will be a lot of discoveries soon: 
says Dhlngra. 

The Indian moon missions have been driven by a 
combination of scientific and strategic factors. The 
moon will be a base for planetary exploration, and 

being present there will be of strategic value for 

any country. It is the reason why the US, Europe, 
Russia, China, India, Japan, South Korea and a few 

other countries are all planning moon missions in the 
future. 

Scientists will continue to piggyback on many of 

these technology-led missions. And hope for exciting 
discoveries over the next few decades. 

Courtesy : The Economic Times 
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Chapterwise Practice questions for CBSE Exams as per the latest pattern 

and marking scheme issued by CBSE for the academic session 201 9-20. 
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Mechanical Properties of Solids 1 
Mechanical Properties of Fluids Time Allowed : 3 hours 

Maximum Marks : 70 

(i) All questions are compulsory. 

GENERAL INSTRUCTIONS 

(ii) Section A : Q. no. 1 to 20 are very short answer-objective questions and carry 1 mark each. 

(iii) Section B : Q. no. 21 to 27 are short answer questions and carry 2 marks each. 

(iv) Section C :  Q. no. 28 to 34 are long answer-I questions and carry 3 marks each. 

(v) Section D :  Q. no. 35 to 37 are long answer-II questions and carry 5 marks each. 

(vi) There is no overall choice in the question paper. However, internal choices are given in the sections. 

(vii) Use log tables if necessary, use of calculators is not allowed. 

SECTION · A 4. The elastic energy stored per unit volume 

1. A solid sphere falls with a terminal velocity v in air. 
If it is allowed to fall in vacuum, 
(a) terminal velocity of sphere = v 
(b) terminal velocity of sphere < v 
(c) terminal velocity of sphere > v 

stretched wire is 

(a) 
1 stress 
2 y 

(c) 
1 (stress)2 

-
2 y2 

(b) 1 (stress)2 
-
2 y 

(d) 
1 stress -
2 y2 

. 
m a  

(d) sphere never attains terminal velocity. 

2. To what height should a cylindrical vessel be filled 
with a homogeneous liquid to make the force with 
which the liquid apply pressure on the sides of the 
vessel equal to the force exerted by the liquid on the 
bottom of the vessel? 

5. Three vessels A, B and C of different shapes contain 
water upto the same height as shown in the figure. 
PA' PB and P c be the pressures exerted by the water 
at the bottom of the vessels A, B and C respectively. 
Then 

(a) Equal to the radius 
(c) More than radius 

(b) Less than radius 
(d) Four times of radius 

3. The temperature of a wire is doubled. The Young's 
modulus of elasticity will 
(a) also doubled (b) become four times 
(c) remains same (d) decreases. 
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- - - - - - - - - - -- - - - - - - - - - -- - - - - - - - - - -- - - - - - - - - - -

c 
(a) PA > PB > Pc 
(c) Pc > PB > PA 

(b) p B > p C > p A 
(d) PA = PB = Pc 



6. An ideal fluid flows through a pipe of circular 
cross-section made of two sections with diameters 
2.5 em and 3.75 em. The ratio of the velocities in 
the two pipes is 
(a) 9 : 4 (b) 3 : 2 

(c) .J3: Ji (d) .fi:.J3 
7. For a constant hydraulic stress on an object, the 

fractional change in the object's volume (� V!V) 
and its bulk modulus (B) are related as 

�V oc B (a) 
V 

�v 2 (c) oc B  v 

�v 1 
(b) oc -

V B 

(d) 
� v  1 

oc 

8. A wire of length L and radius r is clamped at one 
end. On stretching the other end of the wire with a 
force F, the increase in its length is I. If another wire 
of same material but of length 2L and radius 2r is 
stretched with a force 2F, the increase in its length 
will be 
(a) I/4 (b) l/2 (c) I (d) 2I 

9. When a body falls in air, the resistance of air 
depends on a greater extent on the shape of the 
body. Three different shapes are given 

Rl R2 R3 
-+--- / "' 

w w 1. Disc w 2. Ball 3. Cigar shaped 
Identify the combination of air resistances, 
which truly represents the physical situation (The 
cross-sectional areas are the same). 
(a) 1 < 2 < 3 (b) 2 < 3 < 1 
(c) 3 < 2 < 1 (d) 3 < 1 < 2 

10. Which of the following graphs represents 
stress-strain variation for elastomers? 

Stress Stress 

(a) (b) 

Strain Strain 
Stress Stress 

(c) (d) 

Strain Strain 
11. Why does a wire get heated when it is bent back and 

forth? 

12. Amorphous solids are not true solids. Why and 
what are they called then? 

13. Why do spring balances show wrong readings after 
they have been used for a long time? 

14. A soft plastic bag weighs the same when empty as 
when filled with air at atmospheric pressure. Why? 

15. Why it is dangerous to stand near the edge of the 
platform when a fast train is crossing it? 

16. Why is it difficult to stop bleeding from a cut in 
human body at high altitudes ? 

17. Two identical springs of copper and steel are equally 
stretched. On which one, more work will have to be 
done? 

18. Why does velocity increase when water flowing in a 
broad pipe enters a narrow pipe? 

19. Arrange the value of bulk modulus of elasticity 
of solids, liquids and gases according to their 
magnitude. Give reason. 

20. A small spherical ball of density p is gently released 
in a liquid of density cr(p > cr). Find the initial 
acceleration of the ball. 

SECTION · B 

21. Which one of them is more elastic - rubber or steel? 
Explain. 

22. Find the velocity of efflux of water from an orifice 
near the bottom of a tank in which pressure is 
500 g f em -2 above atmosphere. 

23. A cable is replaced by another of the same length 
and material but of twice the diameter. (a) How 
does this affect its elongation under a given load? 
(b) Find the maximum load it can now support 
without exceeding the elastic limit. 

OR 
The breaking force for a wire is F. What will be the 
breaking force for (a) two parallel wires of the same 
size (b) a single wire of double the thickness ? 

24. A large open tank has two holes in the wall. One 
is a square hole of side L at a depth y from the top 
and the other is a circular hole of radius R at a 
depth 4y from the top. When the tank is completely 
filled with water, the quantities of water flowing out 
per second from both holes are the same. Then, 
what is the value of R? 

25. Two soap bubbles of different diameters are in 
contact with a certain portion common to both the 
bubbles. What will be the shape of the common 
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boundary as seen from inside the smaller bubble? 
Support your answer with a neat diagram. Give 
reason for your answer. 

OR 
A frame made of metallic wire enclosing a surface 
area A is covered with a soap film. If the area of the 
frame of metallic wire is reduced by 50%. What will 
be the change in the surface energy of the soap film? 

p 
26. Two wires P and Q of same 

diameter are loaded as shown in 
the figure. The length of wire P 
is L m and its Young's modulus is 
Y N m -2, while length of wire Q 
is twice that of P and its material 
has Young's modulus half that 
of P. Compute the ratio of their 

I 1 m  kg 
Q 

2 m kg 

elongation. 

27. The density of a metal at normal pressure is p. Its 
density when it is subjected to an excess pressure P 
is p'. If B is the bulk modulus of the metal, then find 
the ratio p'/p. 

SECTION-C 

28. A wire of length l and radius r has a weight W and 
the Young's modulus of elasticity Y. It is suspended 
vertically from a fixed point. Calculate the increase 
in length of wire produced due to its own weight. 

29. Two wires of same length and material but of 
different radii are suspended from a rigid support. 
Both carry the same load. Will the stress, strain and 
extension in them be same or different? 

OR 
A bar of cross-section A is subjected to equal and 
opposite tensile forces at its ends. Consider a plane 
section of the bar whose normal makes an angle 8 
with the axis of the bar. 
(a) What is the tensile stress on this plane? 
(b) What is the shearing stress on this plane? 
(c) For what value of 8 is the tensile stress 

maximum? 

,' 
, 

, 
, 

, 

' 8 F._-+----------- � ---------+-_..,F 

30. A piece of ice with a stone in it floats on water taken 
in a beaker. When the ice melts completely, the level 
of water in beaker will increase, decrease or remain 
unchanged. Explain. 
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31. Water at a pressure of 4 x 104 N m-2 flows at a 

speed of2 m s-1 through a horizontal pipe of cross

sectional area 0.02 m2. The cross-sectional area 
is reduced to 0.01 m2. What is the pressure in the 
smaller cross-section of the pipe? 

32. A big size balloon of mass M is held stationary in 
air with the help of a small block of mass M/2 tied 
to it by a light string such that both float in mid air. 
Describe the motion of the balloon and the block 
when the string is cut. Support your answer with 
calculations. 

OR 
During blood transfusion, the needle is inserted in 
a vein where the gauge pressure is 2000 Pa. At what 
height must the blood container be placed so that 
blood may just enter the vein? The density of blood 
= 1.06 x 103 kg m-3. 

33. Stress-strain curve for 
two wires of material A 
and B are as shown in 
figure. 
(a) Which material is 

more ductile? 

-----wire A Stress - wire B 

Strain 
(b) Which material has greater value of Young's 

modulus? 
(c) Which of the two is a stronger material? 
(d) Which material is more brittle? 

34. Define terminal velocity. Derive an expression for 
it. 

SECTION·D 

35. State and prove Bernoulli's theorem. 

OR 
What is a tube of flow? Obtain a relation between 
the area of cross-section and the velocity of liquid 
at any point in a tube of flow. What conclusion do 
you draw from it? 

36. State Stoke's law for viscous drag experienced by 
the spherical body falling through a viscous liquid. 
Why does a spherical body achieve terminal speed? 
On what factors does the terminal speed depends. 

OR 
Define surface tension and surface energy. Obtain a 
relation between them. 

37. (a) Describe elastic hysteresis. Mention its two 
applications. 

(b) What is elastic after-effect? 



OR 
A wire of cross-sectional area A is stretched 
horizontally between two clamps located at a 
distance 21 metres from each other. A weight W kg 
is suspended from the midpoint of the wire. If the 
vertical distance through which the mid-point of 
the wire moves down be x < 1, then find (i) the strain 
produced in the wire, (ii) the stress on the wire. 
(iii) If Y is the Young's modulus of wire, then find 
the value of x. 

1. (d) 

6. (a) 

2. (a) 

7. (b) 

SOLUTIONS 

3. (d) 4. (b) 5. (d) 

8. (c) 9. (c) 10. (c) 

11. When a wire is bent back and forth, its deformations 
are beyond the elastic limit. The work done against 
interatomic forces is no longer stored totally in the 
form of potential energy. The crystalline structure of 
the wire gets affected and work done is converted into 
heat energy. 

12. Like liquids, amorphous solids have disordered 
arrangement of atoms or molecules. The molecules 
of liquid are free to move but the molecules of an 
amorphous solids are almost fixed at their positions i.e., 
amorphous solids are rigid due to their high viscosity. 
That is why, we can say amorphous solids are super
cooled liquids of high viscosity. 

13. When spring balances have been used for a long 
time, they develop elastic fatigue in them. The springs 
of such balances will take more time to recover their 
original configurations. Thus, the readings shown by 
such balances will be wrong. 

14. The weight of air displaced by the bag is same as the 
weight of air inside it. The increase in weight due to the 
filled air gets cancelled by the upthrust of air. So weight 
remains same when air is filled in the bag. 

15. When a fast train crosses the platform, the air 
dragged along with the train also moves with a high 
velocity. In accordance with Bernoulli's equation, the 
pressure in the region of high velocity decreases. If a 
person stands near the edge of the platform he may be 
pushed towards the train due to high pressure outside. 

16. The atmospheric pressure is low at high altitudes. 
Due to greater pressure difference in blood pressure and 
the atmospheric pressure at high altitude, it is difficult 
to stop bleeding from a cut in the body. 

17. Since Ysteel = 200 x 109 N m-2 

and Ycopper = 1 1 0  x 109 N m-2• 

Young's modulus of steel is more than that of copper. 
· . · P = YA 111/l; P oc Y for the given value of D.1, 
A and 1. 
Therefore to stretch them equally more force will be 
required on the steel spring than that on copper spring. 

1 
Hence work done, W = - P D.1, 

2 
or W oc P (· . · 111 is constant) 
Thus more work will have to be done on steel wire than 

. on copper w1re. 

18. When water enters into a narrow pipe, the area 
of cross-section (A) decreases and consequently 
velocity ( v) increases as Av = constant. 

19. Under constant stress, magnitude of bulk modulus 
of elasticity of material is inversely proportional to 
volumetric strain. 

B oc  
1 

11V/V 
Since, gases has higher compressibility than liquid and 
solids have the least, therefore B5 > B1 > Bg. 
20. Let the liquid has viscosity 11 
Pup = crVg 
W= pVg 
P = 61tY)rv 
Initially when the ball is released (YJ ::::: 0) 

pnet = W- pup 
rna = mg- Pup' where m = pV 

pup cr a =g - = g --g m p 

w 
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21. Consider two rods of steel and rubber, each having 
length l and area of cross-section A. If they are subjected 
to the same deforming force F, then the extension 
1115 produced in the steel rod will be less than the 
extension 111, in the rubber rod, i.e., 1115 < 11l,.. Now 

F l F l ¥5 =-. and Y,. =- . -A t:.l s A t:.l,. 
. Ys - f:.l, 

- • • Y,. f:.l5 
As 1115 < 11l,, So ¥5 > Y, 
i.e., Young's modulus for steel is greater than that of 
rubber. Hence steel is more elastic than rubber. 
22. Pressure at orifice, 

P = 500 gf cm-2 
= 500 x9.8 x (100)2 N m-2= 500 x 98 Nm-2 1000 

Let h be the depth of orifice below the surface. 
As, P = h p g 
:. h = .!!_ = 500x98 = S  m pg 103 x9.8 
The velocity of efflux, 

v = .Jiih = .J2x9.8 x 5 = 9.893 m s-1 
23. (a) Young's modulus, 

Y =  Mgl = Mgl = 4Mgl 
nr2 .t:.l ( D )2 nD2 t:.l 

1t t:.l 2 
where D is the diameter of the wire. 

t:.l = 4Mgl 
nD2Y 

From (i), t:.l oc 
1
2 D 

. . .  ( i) 

Clearly, if the diameter is doubled, the elongation will 
become one-fourth. 

(b) Al 1 d M nD2 t:.l.Y 
so oa , g = . 4l i.e., Mg oc D2 

Clearly, if the diameter is doubled, the wire can support 
4 times the original load. 

OR 
(a) When two wires of same size are suspended in 
parallel, a force F equal to the breaking force will act 
on each wire if a breaking force of 2F is applied on the 
parallel combination. 

(b) F = YAt:.l = Y.nr2t:.z i.e., Foe r2 l l 
Thus for a single wire of double the thickness, the 
breaking force will be 4F. 
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24. Equating the rate of flow, v1A1 = v2A2 
But v1 =..JiiY,A1 =L2, v2 =�2g x 4y, A2 =nR2 

• 
• • .J2iY x L2 = �2g x 4y x nR2 

(using Torricelli's law) 

2 2 L 
or L = 2nR or R = r;::-

v21t 

25. When seen from inside the smaller bubble, the 
shape of the common boundary will appear concave, as 
shown in figure. 

Reasons: (i) For a curved liquid film, the pressure is 
greater on its concave side. 
(ii) Pressure inside the smaller bubble is more than that 
inside the larger bubble, because P oc 1/r. 

OR 
Surface energy = surface tension x surface area, 

E = S x 2A (' . · Soap film has two surfaces) 

As A'= [A - SOA]=� 
100 2 

:. E' = S x 2( �) = SA 

Percentage decrease in surface energy 

E - E' 2SA - SA --x100%= x lOO% E 2SA 
1 = - X 100% = 50% 2 

26. f:.lp = 3mg x � A y 

111 = 2 mg 2L _ 8 mg L 
Q A · y  /2 A Y 

11lp 3 . = -
• •  11lQ 8 

B - p 27. Bulk modulus, - dV 1 V 
PV 

or dV = · B ' 
When pressure is increased, the volume will decrease. 

M I M M 
Therefore, p =V and p = 

V -dV
-

V - (PV IB) 

I M p 
or p = V(l- PIB) - (1 - P/B) 

or 
p' = 1 = (1- P/B)-1 = (1+ p) p (1- P/B) B 



28. Since the tension is non-uniform along the wire, 
we have variable stress in wire. Let us consider a small 
element of length dx at a distance x from bottom end P 
as shown figure. 
The tension in the element of the wire 

=
mg x l 

If dl is increase in length of the element, 

h 1 . d. 1 . dl 
t en ong1tu ma stram = - ;  dx 

Normal stress = 
mgx 

x 
1 

l nr2 
:. y 

= 
mgx 

x 
dx 

or dl = 
mgx dx 

lnr2 dl Ynr2l 
Total change in length of wire is 

l 2 
t!.l =  Jmgx dx 

= 
mg 

X
�

= 
mgl 

0 Ynr2l Ynr2l 2 2Ynr2 

p 

29. Let r 1 and r2 be the radii of the two wires. 

dx 
� 

• 

X 
0 
• ' 

. F F (stress) r:2 
(1) Stress = - = 2 . For same load F, 

1 
= 1 A nr (stress)2 r1 

t!.l F F 
(ii) Strain, - = = 2 l AY nr Y 

(strain) r:2 
For the two wires F and Y are same, so 

1 - 1  (strain)2 r1 
F l F l 

(iii) Extension, t!.l = -.-= 2 ·


A Y nr Y 

(t!.l) r:2 
For the two wires, F, l and Y are same, so 

1 
= 1 (!!.1)2 rl 

Hence stress, strain and extension are all different for 
the two wires. 

OR 
(a) The resolved part of F along the normal is the 
tensile force on this plane and the resolved part parallel 
to the plane is the shearing force on the plane. 

. Force F cos9 F 2 Tens1le stress = = = -cos e 
Area Asece A 

(b) Shearing stress 
[· . · Area of plane section = A sec 9] 

Force Fsin9 F F 
= = = -sin9cose = sin29. 

Area Asece A 2A 

(c) Tensile stress will be maximum when cos29 is 
maximum, i.e., cos e = 1 or e = 0°. 

30. Let m, 1\1 be the mass of stone and ice piece 
respectively. As ice piece with stone of mass (m + M) 
floats in water, so mass of water displaced is (m + M). 
If Pw is the density of water, then volume of water 
displaced is 

V = 
M + m  ... (i) 

Pw 
When the ice melts completely, there will be extra 
water of mass M and volume M/pw in the beaker. Now 
the stone will sink and will displace water equal to its 
volume (= m/p5), where p5 is the density of stone. Thus 
the total volume of extra water obtained by melting of 
ice and displaced by sinking stone is 

, M m v = + - ... (ii) 
Pw Ps 

1 1 m m 
As p > p so - < and - < -s w 

Ps Pw Ps Pw 
From (i) and (ii) we note that ; 
V' < V. It means the level of water in the beaker will 
come down. 

31. Here, P1 = 4 x 104 N m-2, 

v 1 = 2 m s -l, a 1 = 0. 02 m 2 
2 a2 = 0.01 m ; P2 = ?  

As, a1 v1 = a2v2 
a1v1 0.02 x 2  _1 

so, v2 = = = 4 m s a2 0.01 

1 2 1 2 Now, P1 +-pv1 = P2 +-pv2 2 2 
1 2 1 2 1 2 2 P2 = P1 +-pvl --pv2 = P1 --p(v2 -v1 ) 
2 2 2 

P2 = 4 x 104 _ .!. x 1 03[42 
- 22] 

2 

= 4 x  104 - 0.6 x 104 = 3.4 x 104 Pa 

32. The situation is as shown in the figure. 
For the balloon to be held 
stationary in air, the forces 
acting on it should be balanced. 
Upthrust = Weight of balloon 

+ Tension in the string 
U = Mg + T . . .  (i) 

For the small block of mass M/2 
floating stationary in air, 

M T = -g 
2 

... (ii) 

u 

Mg 
T 

From (i) and (ii) we get, U = Mg + M 
g = � Mg 

2 2 
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When the string is cut, T = 0. The small block will 
begin to fall freely. The balloon will rise up with an 
acceleration a such that 

U - Mg = j'v[a or 
3 
-Mg - Mg = Ma 
2 

or a =  K ,  in the upward direction. 
2 

OR 
Let h be the height of container at which its blood exerts 
pressure equal to gauge pressure in vein. Then 

hpg = pg 
p 

or h = __K_ 
pg 

--20
-

0
-

0-
- = 0.1925 m 

1.06 x 103 x9.8 

The blood will just enter the vein if the blood container 
is kept at height slightly greater than 0.1925 m 
i.e., at 0.2 m. 

33. (a) Wire of material A with larger plastic region is 
more ductile. 

(b) Yi , 
d 1 . Stress 

oungs mo u us IS 
Strain 

:. YA > YB 
(c) For a given strain, larger stress required for A than 
that for B. 

.·. A is stronger than B. 
(d) Material with smaller plastic region is more brittle, 
therefore B is more brittle than A. 
34. Terminal velocity : It is the maximum constant 
velocity acquired by the drop while falling through a 
viscous medium. 

Expression for terminal velocity : Consider a spherical 
body of radius r falling through a viscous liquid of 
density cr and coefficient of viscosity '11 · Let p be the 
density of the body. 
As the body falls, the various forces acting on the body 
are as shown in figure. These are 
(i) Weight of the body acting 
vertically downwards. 

4 3 W = mg = - 1tr pg 3 
(ii) Upward thrust equal to the 
weight of the liquid displaced. 

U = 
4

nr3crg 3 

U F 

w 

(iii) Force of viscosity F acting in the upward direction. 
According to Stokes' law, F = 61t11rv 
Clearly, the force of viscosity increases as the velocity 
of the body increases. A stage is reached, when the 
weight of the body becomes just equal to the sum of the 
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upthrust and the viscous force. Then the body begins to 
fall with a constant maximum velocity, called terminal 
velocity. 
When the body attains terminal velocity v, U + F = W 

4 4 
-nr3crg + 61t11rv = -nr3pg 3 3 

4 3 2 r2 (p - cr)g 
or 67tll rv = -nr (p - cr) g or v = - · -"--------'-""" 3 9 'l1 
Thus, the value of terminal velocity v depends upon r, 
p, cr and '11 · 
35. Refer to answer 59 page no. 284 (CBSE Champion 
Class 11). 

OR 
Refer to answer 34 page no. 280 (CBSE Champion 
Class 11). 

36. Refer to answer 85 page no. 286 ( CBSE Champion 
Class 11). 

OR 
Refer to answer 145 page no. 292 (CBSE Champion 
Class 11). 

37. Refer to answer 27 page no. 253 (CBSE Champion 
Class 11). 

OR 
Refer to answer 102 page no. 263 (CBSE Champion 
Class 11). 
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This special ly designed column enables students to self analyse their extent of understanding of specified chapters. Give yourself four marks for 

correct answer and deduct one mark for wrong answer. Self check tab le given at the end will help you to check your readiness. 

Laws of Motion 1 Work, Energy and Power 
Total Marks : 120 

1. 

2. 

3. 

4. 

NEET I AIIMS 
Only One Option Correct Type 

A particle of mass m is tied to a light string of 
length l and rotated along a vertical circular path. 
What should be the minimum speed at the highest 
point of its path so that the string does not become 
slack at any position? 

(a) J2ii (b) .Jii (c) zero (d) �gl / 2  

A massless spring balance is attached to 2 kg trolley 
and is used to pull the trolley along a flat smooth 
surface as shown in the figure. The reading on the 
spring balance remains at 10 kg during the motion. 
The acceleration of the trolley is (Use g = 9.8 m s -2) 

(. 

(a) 4.9 m s-2 
(c) 49 m s-2 

) ( . ) 
f-cF I()( r-

(b) 9.8 m s-2 
(d) 98 m s-2 

In a simple pendulum, the breaking strength of the 
string is double the weight of the bob. The bob is 
released from rest when the string is horizontal. 
The string breaks when it makes an angle 8 with 
the vertical. Then, 
(a) 8 = cos-1(113) 
(c) 8 = cos-1(2/3) 

(b) 8 = 60° 
(d) 8 = 75° 

A horizontal force of 1 2  N pushes a 0.5 kg book 
against a vertical wall. The book is initially at 
rest. If the coefficients of friction are I-lk = 0.6 and 
1-ls = 0.8, which of the following statements is true? 

5. 

6. 

7. 

Time Taken : 60 Min. 
(a) The magnitude of the frictional force is 5 N. 
(b) The magnitude of the frictional force is 7.2 N. 
(c) The normal force is 5 N. 
(d) The book will start moving and will accelerate. 

A body of mass 6 kg is hanging 
from another of mass 10 kg as 
shown in figure. This combination is 
being pulled up by a string with an 
acceleration of 2 m s-2. The tension 
T1 is (g =  10 m s-2) 
(a) 240 N 
(c) 220 N 

(b) 150 N 
(d) 192 N 

' 7i 
lOkg 

I'Tz 
6 kg  

A particle of mass m is moving in a circular 
path of constant radius r such that its centripetal 
acceleration ac is varying with time as ac = ert2, 
where k is a constant. The power delivered to the 
particle by the forces acting on it is 

(a) 2nmk2?t (b) mk2r2t 

(c) 
1 mk4r2t5 (d) 0 
3 

A particle is moved from 
(0, O) to (a, a) under a force 

- 1\ 1\ F = (3 i + 4 j) from two paths. 
Path 1 is OP and path 2 is 

y 
P (a, a) 

OQP. Let W1 and W2 be the --:0::-P...;;..;...._...,_Q�-•x 
work done by this force in 
these two paths. Then, 
(a) W1 = W2 
(c) W2 = 2 W1 

(b) w1 = 2W2 
(d) W2 = 4W1 
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8. 

9. 

10. 

1 1 .  

A rope of length l and mass m is 
connected to a chain of length l and 
mass 2 m, and hung vertically as 
shown in figure. What is the change 
in gravitational potential energy if 
the system is inverted and hung from 
same point? 

m 

2m 

T 
l 

l 
1 

(a) mgl (b) 1.5 mgl (c) 0.5 mgl (d) 2 mgl 

In a ballistics demonstration a police officer fires a 
bullet of mass 50.0 g with speed 200 m s-1 on soft 
plywood of thickness 2.00 em. The bullet emerges 
with only 10% of its initial kinetic energy. What is 
the emergent speed of the bullet? 

(a) 2Jl0 m s-1 
(b) 20Jl0 m s-1 

(c) 1 oJ2 m s -1 
(d) 10J20 m s -1 

A large force is acting on a body for a short time. 
The impulse imparted is equal to the change in 
(a) acceleration (b) momentum 
(c) energy (d) velocity. 

A 1 kg block situated k- lOONm-1 
on a rough incline is 
connected to a spring 
of negligible mass 
having spring constant 
100 N m -l as shown in the figure. The block is 
released from rest with the spring in the unstretched 
position. The block moves 10 em down the incline 
before coming to rest. The coefficient of friction 
between the block and the incline is 
(Take g = 10 m s -2 and assume that the pulley is 
frictionless) 
(a) 0.2 (b) 0.3 (c) 0.5 (d) 0.6 

12. Two inclined frictionless tracks, one gradual and 
the other steep meet at A from where two stones 
are allowed to slide down from rest, one on each 
track as shown in figure. 

f 
h 
! 

Which of the following statement is correct? 
(a) Both the stones reach the bottom at the same 

time but not with the same speed. 
(b) Both the stones reach the bottom with the same 
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speed and stone I reaches the bottom earlier 
than stone II. 

(c) Both the stones reach the bottom with the same 
speed and stone II reaches the bottom earlier 
than stone I. 

(d) Both the stones reach the bottom at different 
times and with different speeds. 

Assertion and Reason Type 

Directions : In the following questions, a statement of assertion 
is followed by a statement of reason. Mark the correct choice as: 
(a) If both assertion and reason are true and reason is the 

correct explanation of assertion. 
(b) If both assertion and reason are true but reason is not the 

correct explanation of assertion. 
(c) If assertion is true but reason is false. 
(d) If both assertion and reason are false. 

13. Assertion : Pseudo force is an imaginary force 
which is recognised only by a non-inertial observer 
to explain the physical situation according to 
Newton's laws. 
Reason : Pseudo force has no physical origin, i.e., 
it is not caused by one of the basic interactions in 
nature. It does not exist in the action-reaction pair. 

14. Assertion : A quick collision between two bodies 
is more violent than a slow collision, even when 
the initial and the final velocities are identical. 
Reason : The rate of change of momentum 
determines the force is greater in a quick collision 
between two bodies. 

15. Assertion : All central forces which follow the 
inverse square law are conservative forces. 
Reason : Work done by the force or against the 
force does not depend on path, then force is called 
conservative force. 

JEE MAIN I ADVANCED 

Only One Option Correct Type 

16. A plank with a box on it 
at one end is gradually 
raised about the other 
end. As the angle of 
inclination with the 
horizontal reaches 30°, 
the box starts to slip and slides 4.0 m down the 
plank in 4.0 s. The coefficients of static and kinetic 
friction between the box and the plank will be, 
respectively (Take g = 10 m s -2) 
(a) 0.5 and 0.6 (b) 0.4 and 0.3 
(c) 0.6 and 0.6 (d) 0.6 and 0.5 



17. 

18. 

A point particle of • R 
mass m, moves along : 

• 

the uniformly rough h = 2'm 
track PQR as shown ; 

• 

in the figure. The L. ___._ __ ...:::.3-"-o o� __ R.._ 
coefficient of friction Horizontal-•"' Q 

surface 
between the particle 
and the rough track is J.!. The particle is released, 
from rest, from the point P and it comes to rest 
at a point R. The energies, lost by the ball, over 
the parts, PQ and QR, of the track, are equal to 
each other, and no energy is lost when particle 
changes direction from PQ to QR. The values of 
the coefficient of friction J.! and the distance x 
( = QR) are, respectively close to 
(a) 0.2 and 6.5 m (b) 0.2 and 3.5 m 
(c) 0.29 and 3.5 m (d) 0.29 and 6.5 m 

A railway track is banked for a speed v, by making 
the height of the outer rail h higher than that of the 
inner rail. The distance between the rails is d. The 
radius of curvature of the track is r. Then, 

(a) 
h v2 

-- - -
d rg 

(c) tan-1 h - --
d 

(b) tan 

v2 
(d) 

h - --
rg r 

. -1 h 
sm -

d 
v2 

-
dg 

v2 
--

rg 

19. A stiff spring has a force law given by F = -kx3. 
The work required to stretch the spring from the 
relaxed state x = 0 to the stretched length x = l is 
W0. In terms of W0, how much work is required to 
extend the spring from the stretched length l to the 
length 21? 
(a) W0 (b) 4 W0 
(c) 10 W0 (d) 15 W0 

More than One Options Correct Type 
-

20. A force F (larger than the limiting friction force) 
is applied to the left of an object moving to the 
right on a rough horizontal surface. Then, 
(a) initially the object would slow down 
(b) for some time F and friction force will act in 

the same direction and for remaining time they 
act in opposite directions 

(c) the object comes to rest for a moment and after 
that its motion is accelerating in the direction 

-
of F 

(d) the object slows down and finally comes to rest. 

21. 

22. 

A point mass of 1 kg collides elastically with a 
stationary point mass of 5 kg. After their collision, 
the 1 kg mass reverses its direction and moves 
with a speed of 2 m s -l. Which of the following 
statement(s) is (are) correct for the system of these 
two masses? 
(a) Total momentum of the system is 3 kg m s-1. 
(b) Momentum of 5 kg mass after collision is 

4 kg m s-1. 
(c) Kinetic energy of the centre of mass is 0.75 J. 
(d) Total kinetic energy of the system is 4 J. 

A long block A is at rest 
on a smooth horizontal 
surface. A small block 
B, whose mass is half of 

B 
u.., 

A 

A, is placed on A at one .,,,,,,,,,,,, ., 
end and projected along A with some velocity u. 
The coefficient of friction between the blocks is IJ.. 
Then, 
(a) the blocks will reach a final common velocity u/3 
(b) the work done against friction is two-third of 

the initial kinetic energy of B 
(c) before the blocks reach a common velocity, the 

2 
acceleration of A relative to B is -11-g 3 

(d) before the blocks reach a common velocity the 
3 

acceleration of A relative to B is -�J.g. 
2 

23. A stone of weight W is thrown vertically upward 
into the air with an initial speed v0. Suppose that 
the air drag force f dissipates an amount fy of 
mechanical energy as the stone travels a distance y. 
Then, 
(a) the maximum height reached by the stone is 

2 vo 
2g(1 + f IW) 

(b) the maximum height reached by stone is 
v2 

2g(4+ f !W) 
(c) the speed of the stone upon impact with the 

w -f 1/2 
ground is v0 W+f 

(d) the speed of the stone upon impact with the 
1/2 

d . W+ f groun IS v0 W-f 
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A 

24. Two balls, having linear momenta p1 = pi and 

25. 

A p2 = -pi, undergo a collision in free space. There 
is no external force acting on the balls. Let p{ and 

P2 be their final momenta. The following options 
are not allowed for any non-zero value of p, al' a2, bl' b2, c1 and c2. 

A A A A 

(a) p{ = a1 i +b1 j+ c1 k  (b) p{ = c1 k 
A A A P2 = a2 i+b2 j P2 = c2 k 

A A A A A 

(c) p{ = a1 i + b1 j + c1 k  (d) 
A A A 

p{ = a1 i + b1j 
A A P2 = a2 i+b2 j-c1 k  P2 = a2 i +b1j 

The two blocks A and B of 
equal mass are initially in 
contact when released from 
rest on the inclined plane. The 
coefficients of friction between 
the inclined plane and A and B are f.l1 and f.l2 
respectively. Then, 
(a) if f.l1 > f.l2, the blocks will always remain in 

contact 
(b) if f.l1 < f.l2, the blocks will slide down with 

different accelerations 
(c) if �t1 > �t2, the blocks will have a common 

acceleration � (f.ll + f.l2 ) g sine 2 
(d) if f.l1 < f.l2, the blocks will have a common 

acceleration 
f.l1f.l2g sin e. 

f.ll + f.l2 

Numerical Value Type 

26. Figure shows that two 
blocks in contact are 
sliding down an inclined 
surface of inclination 
9 = 30°. The friction 
coefficient between the block of mass m = 2 kg 
and the incline is f.l1 = 0.20 and that between the 
block of mass M = 4 kg and the incline is f.l2 = 0.30. 

CHECK YOUR PERFORMANCE / 
If your score is 

• • • • • •  

27. 

28. 

Find the acceleration (in m s -2) of 2 kg block. 
(Take g = 10 m s-2) 

The potential energy function for the force between 
two atoms in a diatomic molecule is approximately 

. b a b g1ven y U(x) = - - where a and b are 
x12 x6 

constants and x is the distance between the atoms. 
If the dissociation energy of the molecule is 

D = [ u( ) - u w·b . ] x = oc equ num 
value of p. 

b2 = - , then find the pa 

A mass of 1 kg is suspended by means of a thread. 
The system is (i) lifted up with an acceleration 
of 4.9 m s-2 (ii) lowered with an acceleration of 
4.9 m s-2. The ratio of tension in the first and 
second case is x : 1. Find x. 

Comprehension Type 

The spring shown in figure is unstretched when a man 
starts pulling the block. The mass of the block is M. If 
the man stretch by a constant force F and releases. 

29. 

30. 

k 

{ i\ • F 

The amplitude and time period of the motion of 
the block is 

F 
(a) k' 21t M 

k 
2F M 

(c) -k , 21t 4k 

(b) 
F M 
- 21t 2k , 2k 

(d) none of these 

The energy stored in spring when the block passes 
through the equilibrium position is 

2F2 p2 p2 
(a) k (b) k (c) 4k (d) 

p2 
2k 

• •• ••• • • 

Keys are published in this issue Search now' © . . 

No. of questions attempted l.? 80% 
No. of questions correct 

Your preparation is going good, keep it up to get high score. 
• • 0 • • • 

Marks scored in percentage . . . . . . 
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60-80% 
<60% 

Need more practice, try hard to score more next time. 

1 Stress more on concepts and revise thoroughly. 



Class 
XII 

with exclusive and brain storming MCQs 
Practicing these MCQs help to strengthen your concepts and give you extra edge in your JEE preparat ion 

1 .  

2. 

3. 

An object 0 is in a glass medium. The refraction 
take place at the concave boundary between glass 
and air. The object distance is greater than 5/2 R 
(R is radius of curvature) for image to be real. Find 
the refractive index of the glass. 

(a) 3/2 

----- -------- ·------------

(b) 1.75 (c) 5/3 (d) 2.0 

Radiation from the Sun reaches Earth at the rate 
of 1350 J s-1 m-2. The magnitudes of electric and 
magnetic field are 
(a) 1.01 X 106 v m-1, 3.37 X 10-3 T 
(b) 3.37 x 103 v m-1, 1.01 x 10-6 T 
(c) 1.01 X 103 v m-1, 3.37 X 10-6 T 
(d) 3.37 X 106 v m-1, 1 .01 X 10-3 T 

The first member of the Paschen series in hydrogen 
• spectrum is of wavelength 1 8800 A. The shortest 

wavelength of Paschen series is 

(a) 1215 A (b) 6560 A (c) 8182 A (d) 12850 A 
4. A small electric dipole is placed at origin with its 

dipole moment directed along positive X-axis. The 

direction of electric field at point (2,2J2,o) is 
(a) along negative Z-axis 
(b) along Z-axis 

5. 

6. 

7. 

(c) along negative Y-axis 
(d) along positive Y-axis. 

In a double slit arrangement, fringes are produced 
using light of wavelength 4800 A. One slit is covered 
by a thin plate of glass of refractive index 1 .4 and 
the other with another glass plate of same thickness 
but of refractive index 1 .7. By doing so, the central 
bright fringe shifts to original fifth bright fringe 
from the centre. Thickness of glass plate is 
(a) 8 /-lffi (b) 6 �-Am (c) 4 /-lffi (d) 10 /-lffi 
Calculate the steady state 2 Q  

A B 3 Q  
current in the 2 .Q resistor 
shown in the given figure. 
The internal resistance of 
the battery is negligible 
and the capacitance of the 
capacitor is 0.2 !-!F. 

0.2 !-LF 4 Q 

6 V  
(a) 0.9 A (b) 2.5 A (c) 2.0 A 

A current of 2 A flows in 
the system of conductors 
as shown in figure. The 
potential difference 
Vp - VR will be 

2 A  
Q 

(a) -2 V (b) -0.67 V (c) + 6 V 

2.8 Q 
(d) 3 A 

p 

R 
(d) + 6.7 V 
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8. Two straight parallel conductors are at a distance 
of 50 em perpendicular to the plane of paper. 
They carry current of 20 A and 30 A respectively 
in opposite directions. A point P is separated from 
first conductor by a distance of 40 em and from the 
second conductor by 30 em. The magnetic field 
induction at point P is 

(a) 2 x 105 T (b) J5 x 1 0-s T 

(d) .J8 X 10-5 T 

9. The half-life of a sample of a radioactive substance 
is 1 hour. If 8 x 1010 atoms are present at t = 0, 
then the number of atoms decayed in the duration 
t = 2 hour to t = 4 hour will be 
(a) 2 X 1010 (b) 1 .5 X 1010 

(c) zero (d) infinity 

10. An electron is fired directly towards the centre of 
a large metal plate that has excess negative charge 
with surface charge density 2.0 x 10-6 C m-2. If the 
initial kinetic energy of electron is 100 e V, and if 
it is to stop due to repulsion just as it reaches the 
plate, how far from the plate must it be fired? 
(a) 2.5 X 10-6 m (b) 3 X 10-7 m 
(c) 1.7 X 10-3 m (d) 4.43 X 10-4 m 

1 1. Over a solenoid of 50 em length and 2 em radius 
and having 500 turns, is wound another wire of 
50 turns, coaxially. Calculate the induced emf in 
the second coil when the current in the primary 
changes from 0 to 5 A in 0.02 s. 
(a) 19.72 mV (b) 9.7mV 
(c) 190 mV (d) 1 . 10  mV 

12. Alternating emf, £ = 220 sin100 nt is applied 
to a circuit containing an inductance of 1/n H. 
What will will be the reading of an ac ammeter if 
connected in the circuit? 
(a) 3.25 A (b) 2.75 A (c) 1.56 A (d) 0.75 A 

10 v 
Rc 3 kQ 

Rn 

13. In the circuit shown 
in figure, when the 
input voltage of the 
base resistance is 
10 V, V BE is zero 
and V CE is also 
zero. Then current 
amplification factor 
of transistor is 

V . ._-.1\JW\r---f 
I 400 kQ 

(a) 103 (b) 83 (c) 133 
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(d) 93 

14. Four cells of identical emf E and internal resistance 
r are connected in series 
The given graph 
shows the variation 

to a variable resistor. 

S.6 

of terminal voltage of 9' 42 
� 

the combination with ;:;:- 2.Bt-.._.,.,_ 
current. The emf of 1.41--�-
each cell used is 0 O.S I 1.5 2 
(a) 1 .4 V (b) 5.6 V -+•I(amp) 
(c) 2 V (d) 1 V 

15. The resultant force on the 
current loop PQRS due to 
a long current carrying 
conductor will be 

A p ... 1 � 

20A• I' � 
Q 

(a) 1 .8 X 10-4 N :'2 em 
(b) 5 x 10-4 N 
(c) 10-4 N 
(d) 3.6 x 10-4 N 

SOLUTIONS 

1 .  (c) : l-12 _ l-11 = l-12 - l-11 
v u R 

B 

1 1-11 1 - 1-11 1 1-11 -1 + 1-11 - - = 
� - + - = ---'--'--v (-u) (-R) v u R 

. .  -1 + 1-11 1-11 
For v to be posthve > -

1 1 
R u 

-- > � u >  1-11 R 
jJ,1R u(jJ,1 - 1) (jJ,1 - 1) 

Comparing with given value, u > 5 R 
2 

1-1 5 5 

(!-11 � 1) = 2 
or 1-11 = 3 

20A 
-

1 0 em 

2. (c) : Average power transferred per unit area 
= magnitude of poynting vector 

S =  
ErmsBrms 

1-lo 

sj 
15 em 

R� 

... (i) 

Emax Eo Bo Eo d 
1 Erms = J2 = J2 ,Brms = J2 'Ba = c an c = �!-loBo 

2S 2 x l350 
:. Eo = £0c 

-
8.85 X 1 0-12 X 3 X 108 

:. E0 = 1 .01 x 103 V m-1 

d B  - Eo _ l.01 x 1 03 
- 3 37 0-6 T an 0 - - - . x 1  

c 3 x 1 08 

3. (c) : For Paschen series 

v = _!_ = R _!_ -J... ; n = 4, 5, 6 ..... 
A 32 n2 

(using (i)) 



For first member of Paschen series, n = 4 
_!_ = R  _.!_ _ _!_ =:::} _!_ = 7R 
A1 32 42 A1 144 

=:::} R = 144 = 144 = 1 . 1  X 10 7 
7A1 7 x 1 8800 x 10-10 

For shortest wavelength, n = oo 

S I_ = R _!__ 1 _ R 
o A 32 oo2 9 

=:::} A = _2_ = 9 
= 8.182 X 10-7 m = 8182 A R 1 . 1X 107 

4. (d): Let P(2,2../2,o) be 
the given point. As is 
clear from given figure, 
x =  2,y = 2.J2,z= O 

tane = l.. = 2../2 = .J2 
X 2 

1 1 cot e =  = r:: 
tane v2 

-

y 

Q - X p 

-E 

Let the electric field E due to the dipole be at an 
angle <1> with OP. 

1 1 r:: 1 As tan<!> = -tane = -.v2 = .J2 = cote 
2 2 2 

:. <I> = 90° - e 
-It shows that, E is along positive Y-axis. 

5. (a) : Shift in fringe width is given by, 
ill = t <� - 1)t � ts�� Shift due to one plate 

� d 
illl = A (�� - 1)t t Sz"' Shift due to another U 

� ���----�� 
plate, ill2 = i" (�2 -1)t 

• 

Net shift, Llx = ill2 - ill1 = t <�2 - �l)t 

Also it is given that ill = 5� 

Using eqns. (i) and (ii), 5� = t(�2 -�1)t 
SA Sx4800x 10-10 

=:::} t = - ------
(�2 -��) (1.7 -1 .4) 

= 8 X 10-6 m = 8 �m 

Screen 

... (i) 

... (ii) 

6. (a) : Equivalent resistance of2 Q and 3 Q in parallel 

will be R = 2 x 3 = 6 = 1.2 Q p 2+3 5 

Since capacitor provides infinite resistance to direct 
current, hence no current flows in the capacitor 
arm. Therefore, total resistance of current carrying 
arms, R = 1.2 + 2.8 = 4 Q 

6 Hence current from battery will be, I =  = 1.5 A 4 
:. Potential difference across A and B = I� 

= 1.5 X 1.2 = 1.8 V 
:. Current through 2 Q resistor 

= potential difference = 1.8 = 0.9 A resistance 2 
7. (b) : Equivalent resistance between Q and S, 

R' = 5 X 10 = 10 Q 5+10  3 
Potential difference across Q and S, 

VQ - Vs = 2x10 = � 
V 3 3 

20/ 3  4 Current through arm QPS, I1 = = - A  5 3 
Potential difference across Q and P, 

4 8 V0 -Vp = -X 2 = - V 3 3 20 / 3  2 Current through arm QRS, I 2 = = - A 10 3 
Potential difference across Q and R, 

2 V0 -VR = 3 x3 = 2 V 

:. Vp - VR = (V0 - VR) - (V0 - Vp) 
8 -2 = 2 - -= - "" - 0.67 v 3 3 

8. (b) : From figure, 
we have AB = 50 em, 
AP = 40 em and 
PB = 30 em. 
· .  · AB2 = (AP)2 + (PB)2 
=:::} 502 = 402 + 302 
Thus, L.APB = 90°. 

40 em 

Magnetic field induction at P due to downward 
current I1 through conductor A is 

�0 2!1 _7 2 x20 5 B1 = - = 10 x = 10- T along PB 4n r1 0.40 
Magnetic field induction at P due to upward current 
I2 through conductor B is 

�0 2I2 _7 2 x 30 
B2 = = 10 X = 2 x  10-5 T along PA 4n r2 0.30 
Net magnetic field induction at P is 
B = �B� + B� = �(10-5)2 +(2 x10-5)2 = J5 x 10-5 T 
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( 1 )t/T112 9. (b) : N = N 0 2 
Number of atoms at t = 2 hr, 

Nl = 8 X!Ol0orl 
= 2 X !Ol0 

Number of atoms at t = 4 hr, 

N, = 8 X l0l0orl 
= � X IOlO 

:. Number of atoms decayed in given duration 

= ( 2 - �)X 1010 = 1 .5X 1010 

1 0. (d): Here, cr = -2.0 X 10-6 c m-2 Metal Plate 
Initial K.E = K0 = 100 e V 
= 100 X 1.6 X 10-19 J 

s 

Electron 
= 1.6 X 10-17 J Ko 

Let the electron be fired from a distance s from the 
plate, as shown in the given figure. 
From work energy theorem, work done 
= F x s = loss in K.E 

( -eE) s = K0 ... (i) 
Now, electric field due to the plate (having some 
thickness), E = cr/E0 

cr :. -e-s = K0 (Using (i)) 
Eo 
E K 8.85 x10-1 2 x 1.6 x10-17 

or s=  0 0 = ----------------
-ecr -1.6 x1o-19 (-2 x 10-6 )  

= 4.43 x 10-4 m. 
1 1 .  (a) : Here N1 = 500, N2 = 50, r = 2 em = 0.02 m 

l = 50 em = 0.50 m, �lo = 4n X 10-7 T m A-1 
The mutual inductance of the two coils is 

M = �oNlN2A = �oNlN2:7tr 
l l 

2 

M = 4n X 10-7 X 500 X 50 X n X (0.02)2 
0.5 

= 78.87 x 10-6 H = 78.87 �H. 
The emf induced in the second coil is 

E = -M 
di = -78.87 X 10-6. (5- O) 
dt 0.02 

= -19.72 X 10-3 v = -19.72 mV 
The negative sign indicates a back emf. 

12. (c) : Alternating emf, E = 220 sin 100 nt 
Comparing with E = Eo sin 2nut, we get 

Eo = 220 V and u = 50 Hz 
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Current amplitude, 

I - E0 _ E0 _ 220 --------- = 2.2 A 0 - wL - 2nuL 2nx 50 xl ln  
The ac ammeter will read the rms value of current. 
. _ I0 _ 2.2 _ · · I rms - J2 - J2 -1 .56 A. 

13. (c) :Here � = 10 V, VBE = O, VeE =O, Vee = 10 V 
RB = 400 kQ = 400 x 103 Q, Re = 3 kQ = 3 x 103 Q 
Now, � - VBE = RBIB 
:. 10 - 0 = ( 400 X 103) I B 

or I = 10 = 25x10-6 A B 
400 x103 

Also, Vee - V CE= IeRe or 10 - 0  = Ie x 3 x 103 

I 10 0_3 A or e = 3 = 3.33 x 1 
3 X 10 I 3.33 X10-3 Amplification factor, � = _£ = 6 = 

133 Is 25x 10-

5.6 

-::- 4.21----� 0 

14. (a) :Terminal voltage, 
V = 4E- I(4r) ... (i) 
From the graph 
When I= 0, V = 5.6 V 
:. From eqn. (i), 

� 2.81----.;..._� 

5.6 = 4E- 0 
E =  5·6 = 1.4 V 4 

0 O.S 1 l.S 2 
-+II>I(amp) 

15. (b) : The effective force is only on PQ and RS. 
The force on PQ is attractive and on RS it is repulsive. 
Force between two current carrying conductors is F1 

�0i ib · L betweenABandPQ = a , attractive force and 2nd 
�0i ib · L F2 between AB and RS = a , repulsive force 

2nd' 
. p, - F  = (2�0 20x20x0.15 _ 2�0 20x20x0.15 
. . 1 2 4n 0.02 4n 0.12 

F �0 100 100 
=> resultant =2X--X20X20X0.15 ·  

4n 2 12 
= 5 x 10-4 N. 

• • • • • •  0 • •  0 • •  0 0 • • • • • •  0 • • • • • • • • • • • • •  0 • • • • • • • • • • • • • • • •  0 • •  0 • •  0 • • • •  0 • •  0 • • • • • •• 
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11 .  (b) 12. (c) 13. (b) 
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29. (a) 
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10. (b) 
15. (b) 
20. (a,b,c) 
25. (a,b) 
30. (d) 



CLASS-XII 
I 

Electromagnetic Induction 1 Alternating Current 

ELECTROMAGNETIC INDUCTION 
Electromagnetic induction is the phenomenon of 
production of emf in a coil, when the magnetic flux 
linked with the coil is changed. The emf so produced 
is called induced emf and the current so produced is 
called induced current. 

Magnetic Flux (+) 
• 

• 

• 

The total number of 
magnetic field lines crossing 
normally through a surface 
placed in a magnetic field 
is called magnetic flux ( <P) 
linked with the surface. 

- -

<P = B.A = BA cos 8, 
where B is the magnetic field, A is the area of the 
surface and 8 is the angle between the direction of 
the magnetic field and normal to the surface. 
The SI unit of magnetic flux is weber (Wb) . 
Magnetic flux can be changed by 

changing the intensity of the magnetic field. 
changing the orientation of coil with respect to 
the magnetic field. 
changing the area of the closed circuit. 

Faraday's Laws of Electromagnetic Induction 
• First law: Whenever magnetic flux linked with a 

circuit (a loop of wire or a coil or an electric circuit 

in general) changes, induced emf is produced. 
The induced emf lasts as long as the change in the 
magnetic flux continues. 

• Second law: The magnitude of the induced emf is 
directly proportional to the rate of change of the 
magnetic flux. 
Induced emf, £ = - � = - <1>2 - <l>t 

dt t 
Lenz's Law 
• It states that the induced current produced in 

a circuit always flows in such a direction that it 
opposes the change or the cause that produces it. 

• Lenz's law can be used to find the direction of 
induced current. Lenz's law is in accordance with 
the law of conservation of energy. 

Fleming's Right Hand Rule 
• Fleming's right hand rule gives us the direction of 

induced emf or current, in a conductor moving in 
a magnetic field. 
According to this rule, if we stretch the fore finger, 
central finger and thumb of our right hand in 
mutually perpendicular directions such that fore 
finger points along the direction of the field and 
thumb is along the direction of motion of the 
conductor, then the central finger would give us the 
direction of induced current or emf. 
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Motion of conductor 

e<. 'c:::::l-/--
lnduced current :r;,''§'Q(; 

!<5 c,e� 

Applications of Lenz's law 
• When the North pole of a bar magnet is moved 

towards a coil as shown in the figure, the current 
induced in the coil will be in anticlockwise direction. 

• • 

• When the North pole of a bar magnet is moved away 
from the coil as shown in the figure, the current 
induced in the coil will be in clockwise direction. 

• • 

• 

• 
• • 

• When a current carrying coil is moved towards a 
stationary coil, the direction of current induced in 
stationary coil is as shown in figure below. 

• 

L--�+ 1----___..J L---fG}--__J 
(Stationary) 

When a current carrying coil is moved away from a 
stationary coil, the direction of current induced in 
stationary coil is as shown in figure below. 

L--�+ 1----___..J L---fG}--__J 
(Stationary) 
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• When two coils A and B are arranged as shown in 
figure, then on pressing K, current in A increases in 
clockwise direction. Therefore, induced current in 
B will be in anticlockwise direction. 

A 

However, when key K is released, current in A 
decreases in clockwise direction. Therefore, 
induced current in B will be in clockwise direction. 

• When current in a straight conductor AB is 
increased, induced current in loop will be in 
clockwise direction as shown in the figure. If 
current in AB is decreasing, the induced current in 
the loop will be in anticlockwise direction. 

A----------+---------- B 
Current 

Motional Electromotive Force 
• If a conductor is moving with velocity v in a 

magnetic field, electrons inside it experience a 
force F = q(v x B) and accumulate at the end of the 
conductor. Very soon, an electric field is established. 
Eventually component of magnetic force along the 
conductor length is balanced by the electric field 
force and the drifting of electrons stops and an emf 
is established. 

• 

• 

Now, £ =  -�E ·dZ = I (v x B) · dZ � £ = I (v x B) ·dZ 
This is general expression for induced emf in 

-a conducting wire. If v, B and l are mutually 
perpendicular to each other, then £ = Bvl. 

If conducting rod moves on two parallel conducting 
rails, then phenomenon of induced emf can be 
understood by the concept of changing area (lvt). 

Hence induced emf I £ I= � = Bvl 
dt 

£ Bvl Induced Current : 1 = -= -
R R 



• 

• 

• 

• 

• 

. (Bvl ) B2vl2 
Magnetic Force : F = BIZ = B l = --m R R 
Power dissipated in moving the conductor : 

dW B2vl2 B2v2Z2 
p mech = pext = 

dt 
= Fext · V = 

R 
X V = 

R 

. H 2 (Bvl)2 
Electncal Power : Pthermal = t = I R = 

R 
· R 

B2v2z2 
pthermal = 

R 
Motion of conducting rod in a vertical plane 

. Rod will achieve a constant 
(terminal) velocity vr if Fm = mg 

maxtmum 

B2v 12 m R So, T =mg;v = g 
R T B2z2 

X X 

X X Q t =  
X X 
X X 

X 

X 

X 

X 

R ................. ••••• 

X l X
� 

Fm • mg 
x mg•r 

X X 

X X 
X X 
X X 

Motional emf due to rotational motion 
emf induced across 
the ends of the rod is, 

c = .!_ Bl2w = Bl2nu 2 
Bl2n -

T 

X 

X 

X 

X 

X 
, 

, 

)( 
• 
• 
I 
• � 

' 
' 

-

X 

(l) ib(  x_ 
--- --- B --

, --
' e � ' ' p  � l I 

, 
, 

, 
'... ,, 

...... ')(" ...... 
, X 

X 

X 

X 

X 

Eddy Currents 

• The currents induced in the body of a conductor, 
when the magnetic flux linked with the conductor 
changes are called eddy currents. 

• The direction of the eddy currents in the conductor 
can be found by applying Lenz's law or Fleming's 
right hand rule. 

• Applications of eddy currents 

Induction furnace is based on the heating effect 
of eddy currents. 
Speedometer is a device used to measure the 
instantaneous speed of a vehicle. 
Concept of eddy current is used . m energy 
meter to record the consumption of electricity. 

1 .  A 10 m long horizontal wire extends from North 
East to South West. It is falling with a speed of 
5.0 m s-1, at right angles to the horizontal component 
of the earth's magnetic field of 0.3 x 10-4 Wb m -2. 
The value of the induced emf in wire is 
(a) 0.3 X 10-3 V (b) 2.5 X 10-3 V 
(c) 1.5 X 10-3 V (d) 1 .1 X 10-3 V 

(lEE Main 2019) 
2. A copper rod of mass m slides 

under gravity on two smooth 
parallel rails, with separation 
l and set at an angle of 8 
with the horizontal. At the 
bottom, rails are joined by 
a resistance R. There is a 

3. 

uniform magnetic field B normal to the plane of 
the rails, as shown in the figure. The terminal 
speed of the copper rod is 
(a) mgRsin8 

B2z2 
(c) mgRtane 

B2z2 

(b) 

(d) 

mgRcot8 
B2z2 

mgRcose 
B2z2 

(lEE Main 2018) 
In which of the following devices, the eddy current 
effect is not used? 
(a) Electric heater (b) Induction furnace 
(c) Magnetic braking in train 
(d) Electromagnet (NEET 2019) 

Inductance 
• Inductance the analogous to inertia in mechanics, 

because inductance of an electrical circuit opposes 
any change of current in the circuit. 

• Inductance is a scalar quantity. It has dimensions of 
[ML 2T -2 A -2].  SI unit of inductance is henry. 

• Self Inductance 

When the current in a coil changes, it 
induces a back emf in the same coil. The 

di self-induced emf is given by, E = -L 
dt

, 

where L is the self-inductance of the coil. 

L = N<j> = NBA = <!>total 
I I I 

It is a measure of the inertia of the coil against 
the change of current through it. 
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0 0 0 !-:+: • • •  • • • 

0 • 0 :-!+! . 0 • 
p 0 0 0 : -= +: • • • ,. 

• • • • 0 0 :-:+: • •  0 

-

• • 
• • 
• • 
• • 
• • + 

---"-� _ ,  _ ___ _ - - - - - - - .. 
• • • 
• • • 
... .. Depletion rcaicm or 

Tnlnsition reJion 

Forward Biased 

p n V{x) 

Effective barrier potentia] decreases. 
Depletion width decreases. 
Low resistance o ffered at junction. 
High current flows through the 
circuit. 

V-1 Characteristic ot a 
p-n Junctl on Diode 

Current flowing through diode, 
I = Io [ e'eVIn¥::r) - 1] 

�\T 
Dynamic or ac resistance, rd. = M 

v 
Static or de resistance, r de = I 

Photodiode 
It is fabricated with transparent window 
to allow light to fall on the diode to 
detect the light signal. 
It is operated under reverse bias . 

dftiJ F(mA) 
..---."-"+----., I I 

t I I I 
I 1 

.. ' .... p-side! n -side 
-

• I 

For mat ion ot p-n Junction 

Due to high carrier concentration difference. holes 
diffuses from p-side to n-side and electron diffuses 
from n- ide to p-side, produces diffu ion current. 
Due to barrier potential, majority charge carriers are 
forced to move to other side of the junction and such 
movement produces drift current 

liM : 

Jl 
lktuiCI 
catteal 

p 

Biasing ot p-n junction 

diode 

Reversed Biased 

n V{x) -. Idf 
-+--'---... 

• Idr + Ina 
� Effective barrier potential increases. 
� Depletion width increases. 

)- High resistance offered at junction. 

� Low current flows through the circuit 

)- Reverse breakdown occurs at a high 
reverse bias voltage. 

Solar Cell 
Used to convert solar energy into electrical 
energy. 
It works on the principle of pho lovollaic effect. 

h RL V�(Open circu1t � -"" 
voltage) ,. " � \ 

.. 

\�l�\.jl-u 
'Depletion

' --+---o--l�V 
I layer • 

I • 
• • 
• I 

... , .... • _, 
n current 

p -1 
A bas 

ofma1 
de vi 

tl 

p-n 
The most import 
of a p-n junctio11 
conduct current in, 
I n  the reverse dire< 

Ligtr 
Used to emit 
forward bias. 
It converts ele. 

n 

+ 

� � 
p 



Transistor 
l semiconductor device possessing fundamental action of transfer resistor. 
'ransistors are of two types : 
· n p n trans-istor: A thin layer of p type semiconductor is sandwiched between 

two n-type semiconductors. 
• p-n-p transistor: A thin layer of n-type semiconductor i sandwiched between 

two p-type semiconductors. 
'here are three configurations oftransistors 
• CB (Common Base), CE (Common Emitter), CC (Common Collector). 
�ransistor characteristics 
· Input resistance, (7i )(CB) = 

• Output resistance, (r0)(CE) = 

· Current amplification factor, P11c = 

Va=constant 

I a= constant 

VeE= constant Ya=constant 

'ION 
block 
ductor 
1des, 
c. 

liode 

:teristic 
1 PNn i ity to o I./I,.._ --o 

m only. 
!rs very high resistance. 

Diode 
•Us radiation under 

gy into light energy. 

� 
....... 0 � 
.6 
� 8 1-.....L..£..-£..-· 

Voltage aaO$S LED (V) 

Transi stor as an Oscillator 
An oscillator produces 
a continuing, repeated 
waveform without input 
other than perhaps a 
trigger. 

Rectifier 

E 

Used to convertacsignal into dcsigna l. 

== • Applications of p-n 
Junction Diode 

Zener Diode 
» Used as a voltage regulator. 
»- Heavily doped p-n junction diode. 
» Operated under reverse bias condition. 

I(mA) 
Reverse bias V% Forward bias 

VM 
/(�) 

Transistor as a SWitch 
Vee 

C<>--r--o" 

-

Operated in cut:.off region 
or saturation region. 

Applications of Transistor 

v 

Transistor as an Amplifier 

R B 'B I.e 
-• 

Ic 

Vee=-

V; 0 

lnpu t and output signals are 
180° out of phase. 

Half Wave Rectifier 

P. n 

I - e ma.� . I I mu max - (rf +RL) , de = 1t 

Ou tput frequency = In put frequency 

p 
Efficiency - de = 40.6% 

pac 

Full Wave Rectifier 

emax 2[ I = 
. 1 - max max (r/ + RL) , de - n 

Output frequency = 2 x Input frequenc 

p 
Efficiency = de = 81.2% p 



The self inductance of a long solenoid, the core 
of which consists of a magnetic material of 
permeability llr is 

2 llollrN A 2 2 L = = llr llo n Al = llo llr n V 
l 

Here V = volume of solenoid = Al 
• Self inductance of a planar coil of radius R 

• 

• 

• 

• 

JloN
2

nR L =  N A =1tR2 2 
Mutual inductance 

When an emf is produced in a coil because of 
change in current in a coupled coil, the effect is 
called mutual inductance. 

N1�1 N2�2 M 12 = and M 21 = ----"''-'--"'-I2 Il 
For same length and different number of 
turns per unit length of two solenoids mutual 
inductance is given by 
M12 = M21 = �t, llo n1 n2 1t r/ l = M 
r1 = radius of inner coil 

Mutual inductance of two concentric and coplanar 
2 

. N2BrA2 Jlo NlN2 1t r2 cotls Me c = = --....:.____;;___;___� 1 2 I 2r I I U 
M . . l B agnetlc energy per umt vo ume, u B = 

V 
Combination of inductance 

Series combination 

Ls = L1 + L2 (take M = 0). If M =t 0 then 
Ls = LI + L2 + 2 M. 
The plus sign occurs if windings in the two coils 
are in the same sense, while minus sign occurs 
if windings are in opposite sense. 
P all 1 b

. . 1 1 1 
ar e com 1nahon, -=-+-

• 
• • 

Lp L1 L2 
(take M = 0) 

When M ::f: 0 i.e., they situated close to each 
LlL2 - M2 

other, Lp = 
L T - + u· 1 + '-'2 - lVl 

Energy Stored in an Inductor 

When a current I flows through an inductor, the energy 
stored in it, is given by UB = .!. LI2 2 
The energy stored in an inductor is in the form of 
magnetic energy. 
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Current Growth in an LR Circuit 

• Emf equation : R L 
V =IR+L� 

dt 
I 

• Current at any instant : V Switch 

• 

• 

• 

When key is closed the 
current in circuit increases exponentially with 
respect to time. The current in circuit at any instant 
t is given by I = I0( 1 - e -t/r.) 
Just after the closing of key, inductance behaves like 
open circuit and current in circuit is zero. 

...... ���� 
(Open circuit, t = 0, I =  0) 

(Inductor provide infinite resistance) 

Some time after closing of the key inductance 
behaves like short circuit and current in circuit is 
constant. 

R (Short circuit, t � oo, I� 10) 

(Inductor provide zero resistance) 
.__-'-I ,- (. }--' 

I0 = V (maximum or peak value of current) 
R 

Peak value of current in circuit does not depend 
on self inductance of coil. 

Time constant : It is a time in which current 
increases up to 63% or 0.63 times of peak current 
value and given as 't = L/R 

I I0 - line lo ----·-----····--·--·� 0.63 Io -·-·-· j Exponential 
• i growth 
• . t t = O  t = 't  

(dl!dt) 
V/L - line 

Exponential 

decay 

L__.=:::::::=..t 
Current Decay in an LR Circuit 

• Emf equation : IR + L� = 0 
dt 

Initially, S1 : ON 
S2 : OFF 

Finally, S1 : OFF 
S2 : 0N 

I R L 



• Current at any instant : Once current acquires its 
final maximum steady value, if suddenly required 
switching positions (S1 and S2) are interchanged 
then current starts decreasing exponentially with 
respect to time. The current in the circuit at any 
instant t is given by I = I0 e -t/-r: 

Just after opening of key (t = 0) ==} I =  I0 = � R 
Some time after opening of key ( t ---7 oo) ==} I0 ---7 0 

• Time constant ('t) : It is a time in which current 
decreases up to 37% or 0.37 times of peak current 
value 't = L/ R 

I I0 - line 
Io ... -.... ·-· .. ·-·-----···· 

Exponential 
0.37 I0 -·· , decay 

l_l!_:::::===.t t = 'C  

AC GENERATOR 

i(dl!dt)i 
(V!L) - line ( V/L) 1--------·--�--·· 

Exponential 
decay 

·- t 

It is a device used to obtain a supply of alternating 
emf by converting rotational mechanical energy into 
electrical energy. It is based on the phenomenon 
of electromagnetic induction. i.e. when a coil is rotated 
in uniform magnetic field, an induced emf is produced 
in it. 
The instantaneous value of the emf produced is given 
by £ = NBAwsinwt, where N is number of turns of the 
coil, A is the area of coil and ffi is angular frequency of 
rotation of the coil in a magnetic field strength B. 

4. The self induced emf of a coil is 25 volts. When 
the current in it is changed at uniform rate from 
10 A to 25 A in 1 s, the change in the energy of the 
inductance is 
(a) 637.5 J 
(c) 437.5 J 

(b) 540 J 
(d) 740 J 

(lEE Main 2019) 
5. The magnetic potential energy stored in a certain 

inductor is 25 mJ, when the current in the inductor 
is 60 rnA. This inductor is of inductance 
(a) 0.138 H (b) 138.88 H 
(c) 1.389 H (d) 13.89 H 

(NEET 2018) 

ALTERNATING CuRRENT 
It is the current which varies continuously in magnitude 
and periodically in direction. It can be represented by 
I=  I0 sinwt or I=  I0coswt. 
where I0 is peak value of current and is known as 
amplitude of ac and I is the instantaneous value of 
alternating current. 

27t Angular frequency, w = T = 21t'U where T is period of 
ac and u is frequency of ac. 

Io T T 
2 �-T2��� 

-Io ···- -Io '--� 
I as a sine function oft I as a cosine function oft 

Mean or Average Value of AC 

Average value of the alternating current over a half cycle 
is the value of direct current which will sends the same 
amount of charge in a circuit in a time of half cycle as is 
sent by the given ac in the same circuit in the same time. 
For the complete cycle, 

T II0 sinwt dt 
I or I or I = 0 = 0 m av T I dt 

0 
T I V0 sin wt dt 

V m Or V Or Vav = O T = 0 I dt 
0 

Average value of alternating current for first half cycle is 
T/2 I I0 sinwtdt 

2I I = --"0'------- = 0 = 0.63 7 I0 av T/2 1t I dt 
0 

Similarly, for alternating voltage, the average value over 
first half cycle is 

T/2 I V0 sin wtdt 
2V: V = 0 = 0 = 0.637V0 av T/2 1t I dt 

0 

PHYSICS FOR YOU I OCTOBER ' 19 G) 



Average value of alternating current for second cycle is 
T I I 0 sin rotdt 

2I 
Iav = T/2 T = -

n
o = -0.637 Io 

f dt T/2 
Similarly, for alternating voltage, the average value over 
second half cycle is 

T I V0 sin rotdt 
2V 

Vav = T/2 T = - 1t 0 = - 0.637 V
O 

f dt 
T/2 

Root Mean Square Value of Alternating 

Current 

The value of that direct current which produces heat 
at the same rate as the alternating current in a given 
resistor is known as the rms value of alternating current. 
rms value is also known as virtual value or effective 
value. All ac instruments measure virtual value. 

Io V Irms = r::: = 0.707 I0 or V = )2 = 0.707 V 
�2 rms 

2 
0 

I 0.707I Form factor = rms = 0 = 1 .11  Iav 0.637I0 
AC Voltage Applied to a Resistor 

The varying potential difference 
V = V0 sinrot 4 

V V sinrot then I = R = 
0 

R = I 0 sin rot 

Here the alternating voltage is in phase with current, 
when ac flows through the resistor. 

AC Voltage Applied to an Inductor 

Potential difference across the inductor, 
V = V0 sinrot 

or I = I 0 sin rot - � 
2 

v where I = 0 0 roL 
The alternating current lags behind the alternating 
voltage by a phase angle of n/2 when ac flows through 
an inductor. 
Inductive reactance : It is the opposition offered by the 
inductor to the flow of alternating current through it. 
XL = roL = 2nuL 

AC Voltage Applied to a Capacitor 

Potential difference across capacitor, 
V = V0 sinrot 

or I =  I0 sin rot + 
n 

2 

where I0 = (roC) V0 

The alternating current leads the voltage by a phase 
angle of n/2, when ac flows through a capacitor. 
Capacitive reactance : It is the opposition offered by 
the capacitor to the flow of alternating current through 
it. 

1 1 
Xc =- --

roC 2nuC 

Combination of R - L, R - Cand L - Cin an AC Circuit 

Term R - L  

H.� A 
Circuit �"::!.. � 

I is same in R and L 

VL v 
Phasor diagram I, VR 

v2 = Vl +vf 
···················-················ ·············-····-······--------------------------
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R - C  L - C  
R cl

, -'lllli� •••• ���. II 
�"::!.. �"::!.. � � 

I is same in R and C I is same in L and c 
VR VL I I 

v Vc Vc 
V=  VL - Vc (VL > Vc) 

y2 =Vi + V� V =  Vc- VL (Vc > VL) 
------------------------------------------------ ---------------------------------------------------



·······-------------·-··-·····------ -------------·--··--------------------------------- ----------------·------------------------------- ----------------------------�----------------------

' 
V lags I _n ifXc > XL 

Phase difference / ' / ' 2 '  

V leads I 1t V lags I 1t / ' between V and I 0 to - -- to O 2 2 V leads I +�, if XL > Xc ' ' 2 ) 

Impedance Z =�R2 + XE Z =�R2 +X� Z = !XL -Xc l 
At very low u z � R (XL --70) z � xc z � xc 

At very high u Z ::::: XL Z ::::: R (Xc --70) z � xL 
- -

Series LCR-Circuit 

Let V = V0 sinwt 
Then, I = 10 sin ( wt - <1>) 

v where 10 = J, 
Here Z is the impedance of the series LeR circuit. 

z = �R2 + (XL - Xc)2 = R2 + ( wL - w
1
e r 

The alternating current lags behind the voltage by a 
phase angle <j>. 

X - X  tan <!> =  L c 
R 

When Xr > Xc, tan <1> is positive. Therefore, <1> is positive. 
Hence current lags behind the voltage by a phase 
angle <j>. The ac circuit is inductance dominated circuit. 
WhenXr <Xc, tan <1> is negative. Therefore, <I> is negative. 
Hence current leads the voltage by a phase angle <j>. The 
ac circuit is capacitance dominated circuit. 
Impedance triangle 

It is a right angled triangle, 
whose base represents 
ohmic resistance (R), 
perpendicular represents 
reactance (XL - Xc) and R 
hypotenuse represents impedance (Z) of the series LeR 
circuit as shown in figure. 
Impedance of circuit, Z = �R2 + (X1 - Xc)2 
Admittance 

The reciprocal of the impedance of an ac circuit is 
known as admittance. It is represented by Y. 
:. Admittance = I � or Y = 21 

mpe ance 
The unit of admittance is (ohmf1 or siemen. 

'-

Susceptance 

The reciprocal of the reactance of an ac circuit is known 
as susceptance. It is represented by S. 

1 :. Susceptance = -:::-R--eactance 
The unit of susceptance is (ohmr1 or siemen. 

• Inductive susceptance = I d . 1 
n uctlve reactance 

1 1 or SL = = � XL wL 
• c . . 1 apac1t1ve susceptance = C . .  apaCitlve reactance 

1 1 or Sc = Xc 
= 

1 I we = we 

Resonance in Series LCR Circuit 
• A circuit is said to be resonant when the natural 

frequency of the circuit is equal to frequency of the 
applied voltage. For resonance both L and e must 
be present in circuit. 

• At resonance, 
- XL = Xc, V L = V C 

<1> = 0 (V and I are in same phase) 
v - Zmin = R, !max = -
R 

• Resonant frequency : 
1 Xr = Xc ==> wL = 

we 
1 1 w = .JLC or' u 

r = 
2
-
n---,.JLC=Le= 

• Variation of Z with u 
If u < u,. then Xr < Xc , circuit is capacitive, 
( <1> negative). 
At u = D r ,  XL = Xc, circuit is resistive, <1> = zero. 
If u > u,. then Xr > Xc circuit is inductive, 
( <1> positive). 
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As D increases, Z first decreases then increases. 
Z f  

• Variation of I with D 

as D increases, I first increases then decreases. 
• At resonance impedance of the series resonant 

circuit is minimum so it is called acceptor circuit 
as it most readily accepts that current out of many 
currents whose frequency is equal to its natural 
frequency. In radio or TV tuning we receive the 
desired station by making the frequency of the 
circuit equal to that of the desired station. 

• Bandwidth �D = D2 - D1 
• Quality factor (Q) : Q-factor of ac circuit basically 

gives an idea about stored energy and lost energy. 

Q Maximum energy stored per cycle = 2n------------�----�--�--
Maximum energy lost per cycle 

It represents the sharpness of resonance. 
It is unitless and dimensionless quantity. 

Q =  (XL)r = (Xc)r = 2nDrL 
R R R 

1 L Dr Dr = - - = = --"----
R C �D bandwidth 

Sharpness ex: Quality factor 
R decrease ==> Q increases==> sharpness increases 

Power in AC Circuit 
• Let V = V0 sin ffit and I=  10 sin ( ffit - <!>) 

Instantaneous power P = V0 sin ffit·Io sin (wt - <!>) 
= V0 10 sin wt (sin wt cos <!> - sin<!> cos wt) 

• Average power <P> 
T = I_ J (V0I0 sin2 wt cos <1>-V0I0 sin wt coswt sin<!>)dt 

T o  
_ V0I0 cos<!> _ < p > - ==> < p > -Vrms Irms cos<!> 

2 
• rms power, Prms = Vrms Irms 
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• Average power Power factor (cos <!>) = ---....::::.....�-rms power 
R cos<!>=-
z 

• Power dissipation is maximum in resistive circuit 
or at resonance in a LCR series circuit. 

• No power is dissipated in purely inductive or 
capacitive circuit even a current is flowing in the 

circuit (·: <!> = �). This current is referred as 

wattless current. 
• Power is dissipated only in resistor even circuit has 

RL, RC or LCR combination. 

Choke Coil 
• Circuit with a choke coil is a series L - R circuit. If 

resistance of choke coil = r (very small). Current in 

the circuit, I=  V with Z = J(R +r)2 + (wLl 
z 

• It has a high inductance and negligible resistance 
coil. 

• It is used to control current in ac circuit at negligible 
power loss. 

:. cos<!> = � = r 
z 

r � 0 
Z � r2 + ffi2 12 wL 

• Resistance of an ideal coil is zero. 

LC Oscillation 
• 

• 

The oscillation of energy between capacitor (electric 
field energy) and inductor (magnetic field energy) 
is called LC-oscillation. 

1 Frequency of oscillation D = � 2nvLC 
• If charge varies sinusoidally with time t as 

q = q0 cos wt, then current varies periodically with 

time t as I =  dq = q0wcos wt + 
n 

dt 2 
• If initial charge on the capacitor is q0 then electrical 

2 
energy stored in capacitor is U E = ..!. qo 

2 c 
• If the capacitor is fully discharged, then total 

electrical energy is stored in the inductor in the 
form of magnetic energy. 

1 2 . U B = -LI0 , where 10 = Maximum current 2 



Transformer 
• 

• 

• 

• 

• 

• 

A transformer is an electrical device which is used 
for changing alternating voltages. It is based on the 
phenomenon of mutual induction. 

s 
� { ) • � 

0 \1> l 
JNp \5 • R ;  
) : , l Ns ) � r 

. 
Pnmary Secondary 

If it is assumed that there is no loss of energy in 
the transformer, then the power input = the power 
output, and since P = I  x V then Ip Vp = Is Vs 
Although some energy is always lost, this is a good 
approximation, since a well designed transformer 
may have an efficiency of more than 95%. 
Ip _ V5 _ N5 - -
Is Vp Np 

A transformer affects the voltage and current. We 
have 

Ns V and I5 = 
Np P 

Now, if Ns > Np, the voltage is stepped up 
(Vs > Vp). This type of arrangement is called a 
step-up transformer. 
If Ns < Np, we have a step-down transformer. In 
this case Vs < Vp and Is > Ip. The voltage is stepped 
down and the current is increased. 

6. An alternating voltage v(t) = 220 sin lOOnt V is 
applied to a purely resistive load of 50 Q. The time 
taken for the current to rise from half of the peak 
value to the peak value is 
(a) 3.3 ms (b) 5 ms (c) 2.2 ms (d) 7.2 ms 

(lEE Main 2019) 
7. An inductor 20 mH, a capacitor 100 1-.tF and a resistor 

50 Q are connected in series across a source of emf, 
V = 10 sin 314 t. The power loss in the circuit is 

I 

(a) 0.79 W (b) 0.43 W 
(c) 2.74 W (d) 1.13 W (NEET2018) 

For a cylindrical region (of radius R) having time 
varying magnetic field (dB!dt), 

induced electric field, Bin = 

!_(dB)
; for r < R  2 dt 

R2 (dB) - - ; for r>R 
2r dt 

The choice of whether the description of an 
oscillatory motion is by means of sine or cosines 
or by their linear combinations is unimportant, 
since changing the zero-time position transforms 
the one to the other. 
The co-efficient of coupling k between two 
coils of inductance L1 and L2 having mutual 

inductance M is given by, k = k 
�L2 

The value of k varies from 0 to 1 .  
r - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ,  

I 
: Answer Key For Peep Into Previous Years 
I 
: I.  (c) 2. (a) 3. (a) 4. (c) 5. (d) 6. (a) 7. (a) 

I 
I 
I 
I 
I 
I 

� - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - �  

Website containing database of teachers, academicians launched 
The exhaustive database, aimed at aiding teachers' outreach and engagements beyond their institutional geographies, is an initiative of Deepak kumar Mukadam, 

the chancellor's nominee in the University of Mumbai's management council. 

A web portal containing a database of leading professors and academicians across the country has been launched to serve as a resource centre for educational 

institutions to take better policy decisions. The exhaustive database, aimed at aiding teachers' outreach and engagements beyond their institutional geographies, 

is an initiative of Deepak kumar Mukadam, the chancellor's nominee in the University of Mumbai's management council. 

Maharashtra Higher and Technical Education Minister Vinod Tawde launched the database portal 'academisthan.com' here on 28th August. "This will open up a 

new window of resources for educational institutes. It is a welcome move of the University of Mumbai," Tawde said. 

Mukadam said the portal will bring all the top academicians and professors across the country under one roof. "Their work is now just a click away. The portal will 

serve as a resource centre for educational institutions in government, semi-government and private sectors to develop their policies and other activities," he added. 

The database will help in providing requisite information to government agencies, NGOs and others to aid in making policy decisions, perspective plans and 

allocation of resources related to higher education, as per the website. "Academisthan can engage with the government and NGOs for the cause of higher 

education, academics and benefit of the teachers," it said. 
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1. IfV = 100sin( 100t) V and I= 100sin (10ot +�)rnA 
are the instantaneous values of voltage and current, 
then the rms values of voltage and current are 
respectively 
(a) 70.7 V, 70.7 rnA 
(c) 141.4 V, 141.4 rnA (b) 70.7 V, 70.7 A 

(d) 100 V, 100 rnA 
2. An express train takes 16 hours to cover the 

distance of 960 km between Patna and Ghaziabad. 
The rails are separated by 130 em and the vertical 
component of the earth's magnetic field is 
4.0 X 10-5 T. If the leakage resistance between the 
rails is 100 .Q, the retarding force on the train due to 
the magnetic field will be 
(a) 5 x 10-10 N (b) 8 x 10-10 N 
(c) 15 x 10-5 N (d) s x 10-5 N 

3. An inductor of inductance 
L = 400 mH and resistors of 
resistances R 1 = 2 .Q and R2 = 2 .Q 
are connected to a battery of 
emf 12 V as shown in figure. 
The internal resistance of the battery is negligible. 
The switch S is closed at t = 0. The potential drop 
across L as a function of time is 
(a) 6e-5t V (b) 12 e-3t V 
(c) 6(1 - e-t!0.2) V (d) 12e-5t V 

4. An air-core solenoid of length 30 em, area of cross
section 25 cm2 and number of turns 500, carries 
a current of 2.5 A. The current is switched off 
suddenly in a brief time 10-3 s. How much is the 
average back emf induced across the ends of the 
open switch, neglecting the end effects? 
(a) 2.7 V (b) 9.0 V (c) 3.4 V (d) 6.5 V 

5. When an alternating voltage of 220 V is applied 
across a device X, a current of 0.5 A flows through 
the circuit and is in phase with the applied voltage. 
When the same voltage is applied across another 
device Y, the same current again flows through the 
circuit, but it lags behind the applied voltage by n/2 
radian. Calculate the current flowing in the circuit 
when same voltage is applied across the series 
combination of X and Y. 
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(a) 0.51 A 
(c) 2.50 A (b) 0.35 A 

(d) 4.57 A 
6. A conducting ring of radius 1 m is placed in a 

uniform magnetic field B of magnitude 0.01 T 
oscillating with frequency 100 Hz with its plane at 
right angles to B. What will be the induced electric 
field? 
(a) n v m-1 
(c) 1.0 V m-1 

(b) 0.5 V m-1 
(d) 6.2 V m-1 

7. A uniform magnetic field B exists in a direction 
perpendicular to the plane of a square frame made 
of copper wire. The wire has a diameter of 2 mm 
and a total length of 40 em. The magnetic field 
changes with time at a steady rate dB!dt = 0.02 T s-1 . 
What will be the current induced in the frame? 
(Resistivity of copper = 1.7 x 10-8 .Q m) 
(a) 0.1 A (b) 0.2 A (c) 0.3 A (d) 0.4 A 

8. In a uniform magnetic field of induction B, a wire 
in the form of a semicircle of radius r rotates about 
the diameter of the circle with angular frequency 
w. The axis of rotation is perpendicular to the field. 
If the total resistance of the circuit is R, then mean 
power generated per period of rotation is 

Bnr2w (Bnr2w )2 (a) 
2R (b) 8R 

(Bnrw )2 (Bnrw2 )2 (c) 
2R 

(d) 
8R 

9. If a resistance of 100 .Q, an inductance of 0.5 H and 
a capacitance of 10 x 10-6 F are connected in series 
through 50 Hz ac supply, the impedance will be 
(a) 1.87 .Q (b) 101.3 .Q 
(c) 18.7 .Q (d) 189.7 .Q 

10. The instantaneous values of alternating current and 
voltage in a circuit are given as I= .)2 sin (100 nt) A 

1 2 
and £ =  J2 sin (100 nt + n/3) V 
The average power in watts consumed in the circuit is 
(a) 1/4 (b) J3 I 4 (c) 1/2 (d) 1/8 

11. The flux linked with a coil at any instant t is given 
by <1> = 10t2 - SOt + 250. Then induced emf at 
t = 3 s is 
(a) -10 V (b) 10  V (c) 190 V (d) -190 V 



12. In a series resonant LCR circuit, the voltage across 
R is 100 V and R = 1 kQ with C = 2 �-tF. The 
resonant frequency w is 200 rad s -1. At resonance, 
the voltage across L is 
(a) 4 x 10-3 V 
(c) 40 V 

(b) 2.s x 10-2 v 
(d) 250 v 

13. An inductor 20 mH, a capacitor 50 flF and a resistor 
40 Q are connected in series across a source of emf 
V = 10 sin 340t. The power loss in ac circuit is 
(a) 0.76 W (b) 0.89 W (c) 0.46 W (d) 0.67 W 

14. A long solenoid has 1000 turns. When a current of 
4 A flows through it, the magnetic flux linked with 
each turn of the solenoid is 4 x 10-3 Wb. The self 
inductance of the solenoid is 
(a) 2 H (b) 1 H (c) 4 H (d) 3 H 

15. A conducting metal circular-wire-loop of radius r 
is placed perpendicular to a magnetic field which 

t 
varies with time as B = B0e -� , where B0 and 't are 
constants, at time t = 0. If the resistance of the loop 
is R, then the heat generated in the loop after a long 
time ( t � oo) is 

n2r4 BJR n2r4 BJ (c) (d) 
't 'tR 

16. An alternating voltage V = 200.J2 sin(lOOt)V 
is connected to a 1 �-tF capacitor through an ac 
ammeter. The reading of ammeter is 
(a) 10 rnA (b) 20 rnA (c) 40 rnA (d) 80 rnA 

17. A rectangular loop with a sliding connector of 
length l = 1.0 m is situated in a uniform magnetic 
field B = 2 T, perpendicular to the plane of the loop. 
Resistance of connector is r = 2 Q. Two resistances 
of 6 Q and 3 Q are connected as shown in figure. 
Calculate the external force (in N) required to 
keep the connector moving with a constant velocity 

2 -1 v = m s  . 

18. An arc lamp requires a direct current of 10 A at 
80 V to function. If it is connected to a 220 V (rms), 
50 Hz ac supply, what value of series inductance 
(in mH) is required for its function? 

19. When a de voltage of 200 V is applied to a coil of 
self inductance 2/3 I 1t H, a current of 1 A flows 
through it. But by replacing de source with ac source 
of 200 V, the current in the coil is reduced to 0.5 A. 
Find the frequency (in Hz) of ac supply. 

20. A circular loop of radius 0.3 em lies parallel to a 
much bigger circular loop of radius 20 em. The 
centre of the smaller loop is on the axis of the 
bigger loop. The distance between their centres 
is 1 5  em. If a current of 2.0 A flows through the 
smaller loop, then the flux linked with bigger loop 
is x x 10-12 Wb. Find the value of x. 

SOLUTIONS 

I. (a) : The instantaneous value of voltage is 
V = 100sin(100t) V 

Compare it with V = V0sin(wt) V 
we get V0 = 100 V, w = 100 rad s-1 
The rms value of voltage is 

Vo 100 v;·ms = J2 = .J2 V = 70.7 V 

The instantaneous value of current is 
I =  100sin(10ot +�)rnA 

Compare it with I =  I0sin(wt + <!>) 
we get I0 = 100 rnA, w = 100 rad s-1 
The rms value of current is 

Io 100 Irms = 
.J2 

= .J2 mA = 70.7 rnA 

2. (a) : As the train moves in a magnetic field, a 
motional emf£ = Bvl is produced across its width. Here, 
B is the component of the magnetic field in a direction 
perpendicular to the plane of the motion, i.e. , the 
vertical component. 
The speed of the train is, v = 960 km = 16.67 m s-1 

16  h 
Thus, £ = (16.67 m s-1) (4.0 x 10-s T)(l.3 m) 

= 8.6 x 10-4 v 
The leakage current is I = £/ R and the retarding force is 

F = IlB = 8·6 x 10-4V x l .3 m x 4.0 x10-5 T  
100 Q 

= 4.47 x 10-10 N = 5 x  10-10 N 
3. (d) : If I1 is the current through R1 and I2 is 
the current through L and R2, then It = £/R1 and I2 = 
l ( 1  -t/'t) h L 400 X 10-3 --0.2 s 0 - e , w ere 't = - = 

R2 2 
and i0 = � = g  = 6 A  

R2 2 
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Thus, h = 6(1 - e-t!0.2) 
Potential drop across L, 
E - R2I2 = 12 V - 2 x 6(1 - e-t!0.2) V = ( l2e-5t) V 
4. (d): Given, l = 30 em = 30 x 10-2 m, 
Total number of turns N = 500 
A = 25 cm2 = 25 x 10-4 m2 
I1 = 2.5 A, I2 = 0, dt = 10-3 s 

Induced emf= -d<h = 
d(B AN) 

dt dt 
N dB _ (!l0N) CI2 - I1 ) But B = llo -I ==> 
l dt l dt 

Induced emf 
= -4nx lo-7 x 500 x25 x l0-4 x500x (0-2.5) 

30 X 10-2 10-3 
Induced emf= 6.5 V 
This is the back emf induced because of cutting off the 
current. 
5. (b): The current and voltage are in phase with 
each other, when alternating voltage is applied across a 
resistor. Hence, the device X is a resistor. Its resistance is 
given by, R = 220 = 440 Q 0.5 
The current lags behind the voltage by phase angle 
nl2, when the alternating voltage is applied across 
an inductor. Hence, the device Y is an inductor. Its 
reactance is given by, XL = 220 = 220 = 440 n 

0.5 0.5 
Here, Vrms = 220 V; R = 440 Q ; XL = 440 Q 
If Z is impedance of L-R circuit, then 
Z = � R2 + X[ = � 4402 + 4402 = 440.J2 Q 
Therefore, current in the L-R circuit, 

I V nns 220 0 3 3 A ems = 
Z 

= 
440.J2 

= . 
5 

5 
1 1 

6. (b): Here, r = 1 m, B = 0.01 T, t = - = s 
d<j> '\) 100 

Induced emf, I E I = dt 
l e i =  BA = Bnr2 = 0.0 1 x n(1)2 = 7t V 

t t 1 / 100 
Induced electric field, 
E = � =  8 = 1t = 0.5 V m-1 

l 2nr 2n x 1 
7. (a) : Here, total length l = 40 em = 40 x 10-2 m, 
Resistivity = 1 .  7 X 10-8 n m 
The area A of the square frame 

= ( 40 ;m )( 40 ;m )= o.o 1 m2 

If the magnetic field at an instant is B, the flux through 
the frame at that instant will be <1> = BA. As the area 
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remains constant, the magnitude of the emf induced 
will be 

£ = d<j> = A  dB = (0.01 m2) (0.02 T s-1 ) = 2 x 10-4 V 
dt dt 

The resistance of the frame, 

R = 
(1 .7 X 1 0-8 n m)(40x 10-2 m) = 2.16 X 10-3 n 

3.14 X 1 X 10-6m2 
Hence, the current induced in the frame will be 
I = .§_ = 2 x l0-4V = 9.3xl0-2A ::::: O.l A 

R 2 . 16x1o-3n 
8. (b): As <I>B = BA cos wt = B (..!

.
nr2 ) cos wt, 

d� 1 2 
E = 'I'B = -Bn?w sin wt 

dt 2 82 (Bnr2w)2 Instantaneous power, P = - = sin2 wt 
T R 4R fo Pdt (Bnr2w)2 (T I 2) T P - - (·: fo sin2 wt = T I 2) av - T -

4R T J , 
(Bnr2w)2 

8R 
9. (d) 

Eo (l i .Ji.) 1 
10. (d): As Erms = r::: = r::: = - V, 

-v2 -v2 2 

I _ I0 = (li.Ji.) = ..!_ A rms - .J2 .J2 2 ' 

and cos<!> = cos nl3 = 112 
Pav = E,.mslrms cos<j> = (± )(± )(± )= t W 

11 .  (a) 

12. (d): Current, I = VIZ 
where, V = �Vi + (VL - Vc )2 
and Z = �R2 + (XL - Xc)2 
At resonance, Xr = Xc :. Z = R 
and Vr = V c :. V = VR 

. . .  (i) 

. I = VR = 100 = O.l A • •  R l x  103 
(Using (i) 

Voltage across inductance is Vr 

:. Vr = Vc = IXc = I - O.l = 250 V we 200 x 2 x w-6 
13. (c) : Here, L = 20 mH = 20 x 10-3 H, 
c = 50 llF = 50 X 10-6 F, R = 40 Q, 
Given, V = 10 sin 340t 
Comparing with V = V0 sinwt 
w = 340 rad s-1 and V0 = 10 V 
Now, Xr = wL = 340 X 20 X 10-3 = 6.8 n 

x = 1 = 1 = 104 = 58.82 n 
C WC 340X50 X 10-6 3 4 X 5  



Z = �R2 + (Xc - XL )Z = �(40)2 +(58.82-6.8)2 
= �c 40)2 + (52.02)2 = 65.62 n 

The peak current in the circuit is 
_ V0 _ 10 R ( 40 ) Io - Z - 65.62 

A ' cos <!> =  Z = 65.62 Power loss in ac circuit, 
1 = Vrms Irms cos<!> = - V0I0 cos<!> 2 

= .!_ X 10 X 1 O X 40 = 0.46 W 2 65.62 65.62 
14. (b) 

t --
15. (b): Here, B = B0e 1 

Area of the circular loop, A = n? 
Flux linked with the loop at any time t, 

t --"" = BA = nr2 B e 1 'I' 0 d<l> 1 _!.. Emf induced in the loop, £ = --d = nr2B0 -e 1 
t 't 

Net heat generated in the loop 

J £2 n2r4 B2 J -� n2r4 B2 1 = 

-n2r4 B2 1t2r4 B2 't - 0 X 't(O -1) = 0 
2-r2R 2-rR 

16. (b) : Comparing V = 200.J2 sin(1 00 t) with 
V = V0sinwt, we get V0 = 200.J2 and w = 100 

x = 1 - 1 = 104 n c roC 100 X 1 X 10-6 
As ac instruments read rms value, the reading of 
ammeter is 

I _ Vrms _ Vo . . V _ Vo 
rms - Xc - .J2xc . rms - .J2 

= 200.J2 = 2 x 10-2 A = 20 rnA 
.J2 x 104 

17. (2) : Motional emf induced in the connector 
£ = Blv = 2(1)(2) = 4 V 
The connector will acts as a cell of emf 4 V and internal 
resistance 2 Q. 6 Q and 3 Q resistors are in parallel. 

• 
• •  

1 1 1 -=-+-
Rp 6 3 

1 + 2 3 1 6Q 
- = - = -6 6 2 

Rp = 2 Q 

4V 

2 Q 

:. Current through the connector, 
- £ = 4 = 1 A  Rp + r  2+2 

4 V  
3 Q  2 Q 

2 Q 

Magnetic force on the connector = BIZ = 2(1)(1) = 2 N 

18. (65) : For a de source 
I =  10 A, V = 80 V 
Resistance of the arc lamp, 
R= � = � = 8 Q 

I 10 
For an ac source, £rms = 220 V 
u = 50 Hz 
w = 27t x 50 = 100 1t rad s -1 
Arc lamp will glow if I= 10 A, 

R 
I 

80V 
s n  L 

I= lOA 

:. I =  £rms V 
.J R2 + ro2 L2 

or R2 + ro2 L' = e,;, )'or 82 + (I 00 7<)2 L2 = e1
2
0
° J 

or L2 = 222 -82 :. L = .[420 = 0.065 H (100 1t)2 100 1t 
v 200 

19. (50) : For de voltage source, R =-= = 200 Q 
I 1 

and L= 2../3 H 
1t 

When de source is replaced by ac source, 
E 200 Impedance, Z = _r.. = = 400 Q 
IV 0.5 

Hence the reactance of inductor 
XL = �z2 - R2 [· . - z2 = R2 + XL 2l 

= � 4002 -2oo2 = 2oo.J 4 - 1  = 200../3 
Now, XL = wL = 2nuL = 200 J3 
u = 200../3 = 200../3 = 50 Hz 2nL 2n x 2../3 I 1t 
20. (91) : As field due to 
current loop 1 at an axial 
point 
. B - J.loil R2 

. . 
l - 2(d2 + R2 )312 

Flux linked with smaller 
loop 2 due to B1 is 

"" - B A - J.loilR2 
nr2 '1'2 - l 2 - 2(d2 + R2 )312 

2 

d ... , 

The coefficient of mutual inductance between the loops 
is M = <1>2 = J.loR21tr2 

Il 2(d2 + R2 )312 
Flux linked with bigger loop 1 is 

<I> - 1\!li - J.loR2nr2 I2 1 - 2 - 2(d2 + R2)312 
Substituting the given values, we get 

4nx10-7 x (20 x 1o-2 )2 xnx (0.3 x 1o-2)2 x 2  
<1>1 = 2[ (15 x 10-2 )2 + (20 x 10-2 )2 ]312 

<1>1 = 9.1 x 10- 1 1 wb. • •  
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Electromagnetic Waves 1 Optics Time Allowed : 3 hours 
Maximum Marks : 70 

GENERAL INSTRUCTIONS 

(i) All questions are compulsory. 

(ii) Section A : Q. no. 1 to 20 are very short answer-objective questions and carry 1 mark each. 

(iii) Section B :  Q. no. 21 to 27 are short answer questions and carry 2 marks each. 

(iv) Section C :  Q. no. 28 to 34 are long answer-! questions and carry 3 marks each. 
(v) Section D :  Q. no. 35 to 37 are long answer-II questions and carry 5 marks each. 

(vi) There is no overall choice in the question paper. However, internal choices are given in the sections. 

(vii) Use log tables if necessary, use of calculators is not allowed. 

SECTION·A 

1. A short pulse of white light is incident from air to 
a glass slab at normal incidence. After travelling 
through the slab, the first colour to emerge is 
(a) blue (b) green 
(c) violet (d) red 

2. To observe diffraction, the size of the obstacle 
(a) should be A/2, where A is the wavelength 
(b) should be of the order of wavelength 
(c) has no relation to wavelength 
(d) should be much larger than the wavelength. 

3. Displacement current goes through the gap 
between the plates of a capacitor when the charge 
on the capacitor 
(a) is changing with time (b) decreases 
(c) decreases to zero (d) all of the above. 

4. A. Wavelength of microwaves is greater than that 
of ultraviolet rays. 
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B. The wavelength of infrared rays is lesser than 
that of ultraviolet rays. 

C. The wavelength of microwaves is lesser than 
that of infrared rays. 

D. Gamma ray has shortest wavelength in the 
electromagnetic spectrum. 

Choose the correct option. 
(a) A and B are true (b) B and C are true 
(c) C and D are true (d) A and D are true 

5. The phenomena involved in the reflection of 
radiowaves by ionosphere is similar to 
(a) reflection of light by a plane mirror 
(b) total internal reflection of light 
(c) dispersion of light by water molecules during 

the formation of a rainbow 
(d) scattering of light by the particles of air. 

6. For light diverging from a point source 
(a) the wavefront is spherical 



(b) the wavefront is cylindrical 
(c) the wavefront is parabolic 
(d) the intensity at the wavefront does not depend 

on the distance. 
7. A microwave and an ultrasonic sound wave have 

the same wavelength. Their frequencies are in the 
ratio (approximately) 
(a) 102 (b) 104 (c) 106 (d) 108 

8. Which of the following electromagnetic waves is 
used in medicine to destroy cancer cells? 
(a) IR-rays (b) Visible rays 
(c) Gamma rays (d) Ultraviolet rays 

9. The final image in an astronomical telescope with 

(b) real and erect 
respect to object is 
(a) virtual and erect 
(c) real and inverted (d) virtual and inverted. 

10. From Brewster's law, except for polished metallic 
surfaces, the polarising angle 
(a) depends on wavelength and is different for 

different colours 
(b) independent of wavelength and is different for 

different colours 
(c) independent of wavelength and is same for 

different colours 
(d) depends on wavelength and is same for different 

colours. 
11. A variable frequency ac source is connected to 

a capacitor. How will the displacement current 
change with decrease in frequency? 

12. Give the ratio for velocities of light rays of 
0 0 wavelength 4000 A and 8000 A in vacuum. 

13. Why does a ray of light bend towards normal as it 
passes from air to glass ? 

14. In the figure shown, path of a 
parallel beam of light passing 
through a convex lens of refractive 
index llg kept in a medium of 
refractive index llw is shown. 
Is (i) llg = 1-lw or (ii) 1-lg > 1-lw or 
(iii) 1-lg < �tw ? 

1-lw 

15. Which of the following waves can be polarized 
(a) Heat waves (b) Sound waves? Give reason to 
support your answer. 

16. Why is the resolving power of a microscope having 
oil immersion objective high? 

17. For the same value of angle of incidence, the angles 
of refraction in three media A, B and C are 15°, 25° 

and 35° respectively. In which media would the 
velocity of light be minimum? 

18. A ray of light falls on a transparent sphere with 
centre C as shown in the figure. The ray emerges 
from the sphere parallel to the line AB. Find the 
angle of refraction at A if refractive index of the 
material of the sphere is .J3 . 

Air Air 

19. For a given single slit, the diffraction pattern is 
obtained on a fixed screen, first by using red light 
and then with blue light. In which case, will the 
central maxima, in the observed diffraction pattern, 
have a larger angular width? 

20. Which part of electromagnetic spectrum has largest 
penetrating power? 

SECTION·B 

21. A plane electromagnetic wave travels, in vacuum, 
along the y-direction. Write (a) the ratio of the 
magnitudes, and (b) directions of its electric and 
magnetic field vectors. 

22. The human eye has an approximate angular 
resolution of cp = 5.8x1o-4 rad and a typical 
photoprinter prints a minimum of300 dpi (dots per 
inch, 1 inch = 2.54 em). At what minimal distance z 
should a printed page be held so that one does not 
see the individual dots. 

23. (a) A person standing before a concave mirror 
cannot see his inverted image unless he stands 
beyond the centre of curvature. Why? 

(b) Using mirror formula, explain why does a 
convex mirror always produce a virtual image. 

OR 
Explain with reason, how the power of a diverging 
lens changes when (a) it is kept in a medium 
of refractive index greater than that of the lens. 
(b) incident red light is replaced by violet light. 

24. For a glass prism (!-! = -J3 ) the angle of minimum 
deviation is equal to the angle of the prism. Find the 
angle of the prism. 

25. Why is no interference pattern observed when two 
coherent sources are 
(a) infinitely close to each other? 
(b) far apart from each other? 
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OR 
The critical angle between a given transparent 
medium and air is denoted by i,. A ray of light 
travelling through air enters this transparent 
medium at an angle of incidence equal to the 
polarizing angle (ip). Deduce a relation for the angle 
of refraction (rp) in terms of i,. 

26. (a) An electromagnetic wave is travelling in 
A 

a medium with a velocity v = vi . Draw a 
sketch showing the propagation of the 
electromagnetic wave, indicating the direction 
of the oscillating electric and magnetic fields. 

(b) Identify the electromagnetic waves whose 
wavelengths vary as 
(i) w-

1
2 m < A < w-s m 

(ii) w-3 m < A <  w-1 m 
Write one use for each. 

27. How are X-rays produced? Write their two 
important uses. 

SECTION ·C 

28. Define the term, "refractive index" of a medium. 
Verify Snell's law of refraction when a plane 
wavefront is propagating from a denser to a rarer 
medium. 

29. Answer the following questions: 
(a) Name the electromagnetic waves which are 

suitable for radar systems used in aircraft 
navigation. Write the range of frequency of 
these waves. 

(b) If the Earth did not have atmosphere, would its 
average surface temperature be higher or lower 
than what it is now? Explain. 

(c) An electromagnetic wave exerts pressure on the 
surface on which it is incident. Justify. 

OR 
Give four basic properties of electromagnetic waves. 

30. An object of size 3.0 em is placed 14 em in front of 
a concave lens of focal length 21 em. 
(a) What is the nature, size and position of the 

image formed? 
(b) What happens if the object is moved further 

away from the lens? 
31 .  (a) (i) What is meant by a linearly polarized light? 

(ii) Describe briefly using a diagram how 
sunlight is polarised? 

(b) Unpolarised light is incident on a polaroid. 
How would the intensity of transmitted light 
change when the polaroid is rotated? 
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32. (a) A mobile phone lies along the principal axis 
of a concave mirror. Show, with the help of a 
suitable diagram, the formation of its image. 
Explain why magnification is not uniform. 

(b) Suppose the lower half of the concave mirror's 
reflecting surface is covered with an opaque 
material. What effect will this have on the 
image of the object? Explain. 

OR 

(a) Draw a ray diagram showing the path of a ray of 
light entering through a triangular glass prism. 

(b) Deduce the expression for the refractive index 
of glass prism in terms of the angle of minimum 
deviation and angle of the prism. 

33. Two towers on top of two hills are 40 km apart. The 
line joining them passes 50 m above a hill halfway 
between the towers. What is the longest wavelength 
of radiowaves, which can be sent between the 
towers without appreciable diffraction effects? 

34. Two convex lenses, of equal focal length, but 
of aperture A1 and A2(A2 < A1) are used as the 
objective lenses in two astronomical telescopes 
having identical eyepieces. Compare the ratio of 
their (a) resolving power (b) (normal) magnifying 
power and (c) intensity of images formed by them. 
Which one of the two telescope should be preferred? 
Why? 

SECTION·D 

35. Draw a ray diagram to show the image formation by 
a concave mirror when the object is kept between 
its focus and the pole. Using this diagram, derive 
the magnification formula for the image formed. 

OR 
Draw a ray diagram showing the formation of the 
image by a point object on the principal axis of a 
spherical convex surface separating two media of 
refractive indices n1 and n2, when a point source is 
kept in rarer medium of refractive index n1. Derive 
the relation between object and image distance 
in terms of refractive index of the medium and 
radius of curvature of the surface. Hence obtain the 
expression for lens-maker's formula in the case of 
thin convex lens. 

36. (a) Distinguish between linearly polarised and 
unpolarised light. 

(b) Show that the light waves are transverse in 
nature. 



(c) Why does light from a clear blue portion of 
the sky show a rise and fall of intensity when 
viewed through a polaroid which is rotated? 
Explain by drawing the necessary diagram. 

OR 
(a) In Young's double slit experiment, derive the 

condition for 
(i) constructive interference and 
(ii) destructive interference at a point on the 

screen. 
(b) A beam of light consisting of two wavelengths, 

800 nm and 600 nm is used to obtain the 
interference fringes in a Young's double slit 
experiment on a screen placed 1.4 m away. If 
the two slits are separated by 0.28 mm, calculate 
the least distance from the central bright 
maximum where the bright fringes of the two 
wavelengths coincide. 

37. (a) A ray of light passing from air through an 
equilateral glass prism undergoes minimum 
deviation when the angle of incidence is 3/4 of 
the angle of prism. Calculate the speed of light 
in the prism. 

(b) Figure shows a ray of light passing through a 
prism. If the refracted ray QR is parallel to the 
base BC, show that (i) r1 = r2 = A/2, (ii) angle of 
minimum deviation, D m = 2i - A. 

• • • 
• • • 

A 

B"------�c 
OR 

(a) Draw a ray diagram showing image formation 
in a compound microscope. Define the term 
limit of resolution and name the factors on 
which it depends. How is it related to resolving 
power of a microscope? 

(b) Suggest two ways by which the resolving power 
of a microscope can be increased. 

(c) A telescope resolves whereas a microscope 
magnifies. Justify this statement. 

1. (d) 
5. (b) 

9. (d) 

2. (b) 

6. (a) 
10. (a) 

SOLUTIONS 

3. (d) 
7. (c) 

4. (d) 
8. (c) 

11 .  With the decrease in frequency, the reactance, 
X - 1 . c - 2 1tuC 

mcreases. 
This decreases conduction current. As ID = Ic, the 
displacement current will also decrease. 

12. Ratio = 1 ,  because light rays of both wavelengths 
travel with the same velocity in vacuum. 

Sill l c 
13. We know that f..l = -.- sm r  v 

As the speed of light in air is greater than that in 
glass i.e., c > v, so sin i > sin r or Li > Lr. Hence a 
ray of light bends towards the normal as it passes 
from air to glass. 

14. f..Lg = llw· 
15. As only the transverse wave can be polarized, that 

is why the heat waves which are transverse wave 
and have vibrations perpendicular to the direction 
of propagation can be polarized whereas the sound 
waves cannot be polarized being longitudinal in 
nature and having vibrations in the direction of 
propagation. 

2f..L sin e 
16. Resolving power of a microscope = A, 

Thus such a microscope uses oil of high refractive 
index (!l) between the object and the objective, in 
order to have a high resolving power . 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

2 b2 -a + - ... 

PHYSICS FOR YOU I OCTOBER ' 19 (D 



c Sllll 
1 7. Refractive index, l..l = - = -.-v sm r 

As sin15° < sin25° < sin35° 
So, v A < vB < vc 
Hence in medium A, velocity of light is minimum. 

sin(i) = 11 18. From Snell's law, we have : _ _,_..... ,..., sin(r) 
At A, i = 60°; l..l = .J3 

N . ( ) sin(i) ow, Sin r = 
l..l 

. sin(60°) 1 . -1 ( 1 ) 
=> sm(r) = 

.J3 
= 2 => r = sm 2 

:. r = 30° 
1 9. Angular width of central maxima is given by 

28 = 2/.. a 
Since A,> Ab. Therefore, width of central maxima of 
red light is greater than the width of central maxima 
of blue light. 

20. Gamma rays (frequency range > 3 x 1021 Hz) has 
largest penetrating power. 

21.  (a) BIB = c, speed of light 
(b) For an electromagnetic wave travelling along 
y-direction, its electric and magnetic field vectors 
are along z-axis and x-axis respectively. The 
direction of E x B is same as that of direction of 

A A A 

wave propagation and k x i = j . 
22. Given, angular resolution of human eye, 

<1> = 5.8 x 10-4 rad 
Linear distance between two successive dots in a 
typical photoprinter is l = 2·54 = 0.85 x 10-2 em 300 

-2 We know <I> =  i, <I> =  0.85 x 10 
z z 

-2 0.85 x 10 
1 4 7  z - - em -

5.8 X 10-4 
- . . 

23. (a) A concave mirror forms real inverted image 
when the object is placed beyond F. When the 
person stands between F and C, the image is formed 
beyond C i.e., behind the man and the man is not 
able to see his image. When he stands beyond C, 
real and inverted image is formed between F and C 
i.e., in front of him and so he can see his image. 
(b) For convex mirror : f > 0, u < 0 

1 1 1 Using mirror formula, v + u = f 
(!) PHYSICS FOR YOU I OCTOBER '19 

1 1 1 1 1 1 1 1 jxu 
v 

= f - u = f - ( -u) => v = f + u => v = f + u 
:. v > 0 
This implies that image of object placed in front of 
a convex mirror is always formed behind the mirror 
which is virtual in nature. 

OR 

1 1 

For a diverging lens : R1 = -R, R2 = +R 

p = l..l2 - l..ll (-1.) = a negative value 
l..ll R 

( )  h 1 . . 1 a W en 111 > 112, P = f = a positive va ue 

Thus, the lens becomes converging. 
(b) (llz \iolet > (l..lz) red 
The power of the lens increases when red light is 
replaced by violet light. 

24. Given, l..l = .J3, 8m =A 
Angle of minimum deviation, 

sin( (A + 8m) I 2) l..l= sin (A 12) 

sin(A + A) 
2 sin(A I 2) cos (A I 2) .J3 = 2 - ------

sin (A I 2) sin (A I 2) 

.J3 = 2 cos (AI2) 

cos(AI2) = .J3 or � = 30° :. A =  60° 2 2 
Df.. . 1 25. Fringe width, � = d z.e., � oc d 

(a) when the two coherent sources are placed 
infinitely close to each other, the fringe width 
becomes very large. Even a single fringe may 
occupy the entire screen. The interference pattern 
is not observed. 
(b) As the distance between the sources is 
increased, the fringe width goes on decreasing. 
At very large separation, it becomes too small to 
be detected. The interference pattern cannot be 
observed. 

OR 
According to Brewster's law, when a ray of light 
is incident on a transparent refracting medium at 
polarising angle ip, then 11 = tan ip 
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But ip + rp = 90° or ip = 90° - rp 
1 :. !-! = tan(90° - rp) = cot rp = --

tan rp ... ( i) 

As i cis the critical angle for the transparent medium, 
1 SO, !J. = . . smz, 

On comparing (i) and (ii), we get 
tan rp = sin i, or rp = tan-1(sin iJ 

... (ii) 

26. (a) In figure shown, the velocity of propagation of 
A 

electromagnetic wave is along X-axis v = vi and 
electric field E along ¥-axis and magnetic field B 
along Z-axis. 

y 

z 
(b) (i) X-rays - used to study atomic structure. 
(ii) Microwaves - used in radar application. 

27. Production of X-rays : When high energetic 
electrons strike a metallic target of high atomic 
weight and high melting point, X-rays are produced. 
In production of X-rays mechanical energy of 
electrons is converted as electromagnetic energy of 
X-rays. 
Uses : (i) X-rays are used in medical diagnostics 
to detect fractures in bones, tuberculosis of lungs, 
presence of stone in gall bladder and kidney. 
(ii) They are used in engineering to check flaws in 
bridges. In physics X-rays are used to study crystal 
structure. 

28. Refractive index (/-!) : Refractive index of a medium 
is defined as the ratio of the speed oflight in vacuum 
to the speed of light in that medium. i.e., 

c Speed oflight in vacuum !J. = - =  v Speed oflight in that medium 
Given figure shows the refraction of a plane 
wavefront at a rarer medium i.e., v2 > v1 

Denser - v1 

A ·  Rarer - v2 , r 
' 
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wavefront 

Let the angles of incidence and refraction be i and r 
respectively. 
From right MBC, we have, sin L.BAC = sin i = BC 

AC 
From right MDC, we have, 
· /DC' A · AD . s1n L .11. = s1n r = . .  

AC 

sini _ BC _ v1t 
sinr AD v2t 

smz vl 1 or . - = !-!2 (a constant) smr v2 
This verifies Snell's law of refraction. The constant 
1 !-!2 is called the refractive index of the second 
medium with respect to first medium. 

29. (a) Microwaves are suitable for the radar system 
used in aircraft navigation. Range of frequency of 
microwaves is 108 Hz to 1011 Hz. 
(b) If the Earth did not have atmosphere, then 
there would be absence of green house effect due to 
the atmosphere. Due to this reason, the temperature 
of the earth would be lower than what it is now. 
(c) An electromagnetic wave carries momentum 

Energy of wave (U) 
with itself and given by p = S d f h ( ) pee o t e wave c 
When it is incident upon a surface it exerts pressure 
on it. 

OR 

The basic properties of electromagnetic waves are : 
(i) Electromagnetic waves are produced by 
accelerated charges and do not require any medium 
for their propagation. 

- -

(ii) The oscillations of E and B fields are 
perpendicular to each other as well as to the 
direction of propagation of the wave. So, the 
electromagnetic waves are transverse in nature. 
(iii) All electromagnetic waves travel in free space 
with the same speed, c = � = 3 x 108 m s-1 .  

!J.oEo 
(iv) The amplitude ratio of electric and magnetic 

fields is Eo = c = 1 
Bo �1-!o Eo 

30. (a) Object of size 3 em is placed 14 em in front of 
concave lens. 

1 1 1 Lens formula, - - - = -v u f 
1 1 1 1 1 1 - - --v -14 -- ; - - - - --21 v 2 1  14 

42 v = - - = - 8.4cm 
5 

- 2 - 3 
42 


























































